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AB 



or 



US 1999-138724 19990611 
GB 1999-26058 19991103 
The present invention relates to methods and compns . for induction of 
vascular endothelial growth factor (VEGF) expression by the 
serine/threonine protein kinase Akt. Preferably, the compns. and methods 
according to the invention comprise a nucleic acid encoding Akt, and 
administration thereof using a plasmid or viral vector. A viral vector 
derived from retrovirus, adenovirus, adeno-assocd . virus, herpes virus, 

vaccinia virus are used. 



Aktl, Akt2, or Akt3 is used to induce 
expression 

of VEGF123, VEGF165, VEGF189, VEGF206, VEGF-2, VEGF-B, or VEGF-D. 
Administration of a transition metal ion and/or a vasodilator together 
with the Akt coding sequence is claimed. A sequence encoding a second 

factor, such as VEGF, acidic ***f ibroblast*** 
***factor*** , basic ***f ibroblast*** 



***angiogenic*** 



***growth** * 
***growth*** 



***f actor** 1 



endothelial cell growth factor, or angiopoietin, may 



also 



be introduced. Gene therapy for patients suffering from ischemic 
conditions, cerebrovascular ischemia, renal ischemia, pulmonary ischemia, 
limb ischemia, myocardial ischemia, or ischemic, idiopathic or 
hypertrophic cardiomyopathy, is claimed. A pharmaceutical compn. 
comprising the above described components are claimed. A method of 
inhibiting ***angiogenesis*** in ***tumor*** patients using Akt 
antisense nucleic acid, an intracellular binding protein such as a single 
chain Fv ***antibody*** (scFv), or nucleic acid encoding a dominant 
neg. form of Akt, is also claimed. Stimulation of VEGF expression in 
cells transfected with an adenovirus carrying a sequence encoding 
activated mouse Aktl, or active human Akt3, was demonstrated. 
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AB 



Compns. and methods effective for eliciting an immune response for 
inhibiting abnormal or undesirable cell proliferation, particularly 



endothelial cell proliferation and ***angiogenesis*** related to 
neovascularization and ***tumor*** growth are provided. The compns. 
comprise a naturally occurring or synthetic protein, peptide, or protein 
***f ragment*** contg. all or an active portion of a growth factor in 

pharmaceutically acceptable carrier. The preferred growth factors 
comprise basic ***f ibroblast*** ***growth*** ***factor*** and 

vascular endothelial growth factor. The methods involve administering to 
a human or animal the compns. described herein in a dosage sufficient to 
elicit an immune response. The methods are useful for treating diseases 
and processes mediated by undesired and uncontrolled cell proliferation, 
such as ***cancer*** , particularly where uncontrolled cell 
proliferation is influenced by the presence of growth factors. 
Administration of the compn. to a human or animal having metastasized 
tumors is useful for preventing the growth or expansion of such tumors. 
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LANGUAGE: English 

AB ***Angiogenesis*** depends on the cooperation of growth factors and 

cell adhesion events. Although . alpha. v integrins have been shown to 

play 

crit. roles in ***angiogenesis*** , recent studies in . alpha . v-null 
mice suggest that other adhesion receptors and their ligands also 
regulate 

this process. Evidence is now provided that the integrin . alpha . 5 . beta . 1 
and its ligand fibronectin are coordinately up-regulated on blood vessels 
in human *** tumor*** biopsies and play crit. roles in 

***angiogenesis*** , resulting in ***tumor*** growth in vivo. 

***Angiogenesis*** induced by multiple growth factors in chick 

embryos 

was blocked by monoclonal antibodies to the cell-binding domain of 
fibronectin. Furthermore, application of fibronectin or a proteolytic 
***f ragment*** of fibronectin contg. the central cell-binding domain 

to 

the chick chorioallantoic membrane enhanced ***angiogenesis*** in an 
integrin . alpha . 5 . beta . 1-dependent manner. Importantly, ***antibody*** 
, peptide, and novel nonpeptide antagonists of integrin . alpha . 5 . beta . 1 
blocked ***angiogenesis*** induced by several growth factors but had 
little effect on ***angiogenesis*** induced by vascular endothelial 
growth factor (VEGF) in both chick embryo and murine models. In fact, 
these . alpha. 5. beta. 1 antagonists inhibited ***tumor*** 

***angiogenesis*** , thereby causing regression of human tumors in 

animal 

models. Thus, fibronectin and integrin . alpha . 5 . beta . 1 , like integrin 
. alpha . v. beta . 3, contribute to an ***angiogenesis*** pathway that is 
distinct from VEGF-mediated ***angiogenesis*** , yet important for the 
growth of tumors. 
REFERENCE COUNT: 74 

REFERENCE (S) : (1) Akiyama, S; Cell Adhes Commun 1995, V3, P13 

CAPLUS 



CAPLUS 



CAPLUS 



(2) Anzano, M; Cancer Res 1989, V49, P2898 CAPLUS 

(4) Arenberg, D; J Clin Invest 1996, V97, P2792 

(5) Bader, B; Cell 1998, V95, P507 CAPLUS 

(6) Basilico, C; Adv Cancer Res 1992, V59, P115 
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LANGUAGE : English 
SUMMARY LANGUAGE: English 

AB Basic *** fibroblast*** ***growth*** ***factor*** (FGF-2) is 



an 
in 



important stimulator of ***angiogenesis*** that has been implicated 

neoplastic progression. Attempts to neutralize or modulate FGF-2 have met 
with some success in controlling neovascularity and ***tumor*** 
growth. In the present study, two peptides: one corresponding to the 

***heparin*** ***binding*** ***domain*** and the other to the 

receptor binding domain of FGF-2, exerted dose-dependent inhibition of 
FGF-2-stimulated human umbilical vein endothelial cell proliferation 
(IC(50) = 70 and 20 .mu.g/ml, respectively). The identification of these 
functional regions suggested that targeting these domains might be an 
approach for the modulation of FGF-2 function. To investigate this 
possibility, we vaccinated mice with either the ***heparin*** 

***binding*** ***domain*** peptide or the receptor binding domain 

peptide of FGF-2 in a liposome/adjuvant format, and analyzed the effect 



of 



vaccination on FGF-2-driven ***angiogenesis*** , ***tumor*** 
development and immune status. Mice vaccinated with the ***heparin*** 
***binding*** ***domain*** peptide generated a specific 

***antibody*** response to FGF-2, blocked neovascularization in a 
gelfoam sponge model of ***angiogenesis*** , and inhibited 
experimental 

***metastasis*** by > 90% in two ***tumor*** models: the B16BL6 
melanoma and the Lewis lung carcinoma. These effects were not observed in 
mice treated with the receptor binding domain peptide conjugated to 
liposomes or liposomes lacking conjugated peptide. These data suggest 

that 

a ***heparin*** ***binding*** ***domain*** peptide of FGF-2, 

when presented to a host in a liposomal adjuvant formulation, can 
ultimately lead to inhibition of ***angiogenesis*** and ***tumor*** 
growth. . COPYRGT . 2000 Elsevier Science Ltd. 
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AB Endostatin is a ***f ragment*** of the C-terminal domain NCI of 

collagen XVIII that inhibits ***angiogenesis*** and ***tumor*** 
growth. We report the characterization of a collagen XV endostatin 
analogue and its parent NCI domain, obtained by recombinant expression in 
mammalian cells. Both NCI domains contain a trimerization domain, a hinge 



region that is more sensitive to proteolysis in collagen XVIII and the 
endostatin domain. Unlike endostatin-XVIII , endostatin-XV does not bind 
zinc or heparin, which is explained by the crystal structure of 
endostatin-XV. The collagen XV and XVIII fragments inhibited 
chorioallantoic membrane ***angiogenesis*** induced by basic 
***fibroblast*** ***growth*** ***factor*** (FGF-2) or 

vascular 

endothelial growth factor (VEGF) , but there are striking differences 
depending on which cytokine is used and whether free endostatins or NCI 
domains are applied. The collagen XV and XVIII fragments showed a similar 
binding repertoire for extracellular matrix proteins. Differences were 
found in the immunohistological localization in vessel walls and basement 
membrane zones. Together, these data indentify endostatin-XV as an 

***angiogenesis*** inhibitor, which differs from endostatin-XVIII in 
several important functional details. Copyright 2000 Academic Press. 
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English 

accurate, and efficient immunoassay using a BIAcore (TM) 2000 
trument for the quantitation of basic ***f ibroblast*** 
* ***factor*** (bFGF) in HEPES-buf f ered saline 

heparin (HHBS) has been developed and validated. In this 
bFGF monoclonal ***antibody*** 48.1 (MAb 48.1) was 
binding ligand and immobilized to the matrix surface of 



48.1 



good 



Sensor Chip CMS by amine coupling. A high immobilization level of MAb 

(12643. +- .816 RU, mean . +- . S . D . , n=5) was achieved with high 
reproducibility (i.e. coefficient of variation (CV) was 6.5%). This 
immobilized MAb 48.1 sensor surface was used to detect and quantify bFGF. 
This assay has a range of reliable BIAcore (TM) response from 5.65 to 1440 
ng/ml bFGF in HHBS , which was well fitted with a sigmoidal model. The 
immobilized MAb 48.1 was found to be stable for at least 150 regeneration 
cycles and for at least 9 days at room temperature. Intra- and interassay 
CVs ranged from 0.9 to 5.9% and from 2 . 7 to 8.5%, respectively. Matrices 
such as serum, ***bovine*** ***serum*** ***albumin*** ( 

***BSA*** ), and two pharmaceutical excipients { Pluronic . RTM. F127 
surfactant and sodium carboxymethylcellulose ) did not interfere with bFGF 
analysis over the sensor surface. Therefore, this validated assay has 

precision, accuracy and specificity, and has been found useful in 
quantifying bFGF in several research and development studies. Copyright 
(C) 2000 Elsevier Science B.V. 
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AB There is considerable evidence that significant factor underlying the 

individual variability in response to disease, therapy and prognosis lies 
in a person's genetic make-up. There have been numerous examples 
relating 

that polymorphisms within a given gene can alter the functionality of the 
protein encoded by that gene thus leading to a variable physiol. 
response . 

In order to bring about the integration of genomics into medical practice 
and enable design and building of a technol. platform which will enable 
the everyday practice of mol . medicine a way must be invented for the DNA 
sequence data to be aligned with the identification of genes central to 
the induction, development, progression and outcome of disease or 
physiol . 

states of interest. According to the invention, the no. of genes and 
their configurations (mutations and polymorphisms) needed to be 
identified 

in order to provide crit. clin. information concerning individual 
prognosis is considerably less than the 100,000 thought to comprise the 
human genome. The identification of the identity of the core group of 
genes enables the invention of a design for genetic profiling 
technologies 

which comprises of the identification of the core group of genes and 

their 

sequence variants required to provide a broad base of clin. prognostic 
information - "genostics " . The "Genostic . RTM. " profiling of patients and 
persons will radically enhance the ability of clinicians, healthcare 
professionals and other parties to plan and manage healthcare provision 
and the targeting of appropriate healthcare resources to those deemed 

most 

in need. The use of this invention could also lead to a host of new 
applications for such profiling technologies, such as identification of 
persons with particular work or environment related risk, selection of 
applicants for employment, training or specific opportunities or for the 
enhancing of the planning and organization of health services, education 
services and social services. 
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AB There is considerable evidence that significant factor underlying the 

individual variability in response to disease, therapy and prognosis lies 
in a person 1 s genetic make-up. There have been numerous examples 

relating 

that polymorphisms within a given gene can alter the functionality of the 
protein encoded by that gene thus leading to a variable physiol. 
response . 

In order to bring about the integration of genomics into medical practice 
and enable design and building of a technol. platform which will enable 
the everyday practice of mol . medicine a way must be invented for the DNA 
sequence data to be aligned with the identification of genes central to 
the induction, development, progression and outcome of disease or 
physiol . 

states of interest. According to the invention, the no. of genes and 
their configurations (mutations and polymorphisms) needed to be 
identified 

in order to provide crit. clin. information concerning individual 
prognosis is considerably less than the 100,000 thought to comprise the 
human genome. The identification of the identity of the core group of 
genes enables the invention of a design for genetic profiling 
technologies . 
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***fibroblast*** ***growth*** ***factor*** (bFGF) plays 



an important role in ***tumor*** growth and 



^angiogenesis* 



To 



elucidate the efficient recognition sites by anti-bFGF neutralizing 
antibodies, we generated two anti-bFGF neutralizing monoclonal IgGl 



antibodies (mAbs), 2G11 and 1E6, recognizing different sites, and 
estimated as binding to the heparin-binding and the receptor-binding 
regions of bFGF, respectively, both of which have been shown to be 
important for its receptor interaction. Despite their high in vitro 
anti-bFGF activity in the absence of heparin, 2G11, with in vitro 
activity 

in competition with heparin, failed to inhibit the in vivo ***tumor*** 
growth of bFGF-producing RPMI4788 cells, though 1E6, showing 
non-competition with heparin, exhibited a significant antitumor effect. 
These results show that the ***heparin*** - ***binding*** 

***domain*** of bFGF provides an inefficient epitope for in vivo 
neutralization of anti-bFGF mAb, and anti-bFGF neutralizing mAbs without 
competition against heparin have the potential to show in vivo antitumor 
effects . 
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AB Fibrin or a fibrinous exudate can facilitate ***angiogenesis*** in 
many pathological conditions. In vitro, the outgrowth of capillary-like 
structures in fibrin can be mimicked by exposing human microvascular 
endothelial cells (hMVECs) to an ***angiogenic*** growth factor and 
***tumor*** necrosis factor (TNF) -alpha. Urokinase-type plasminogen 
activator (u-PA) and plasmin activities are required for this 

***angiogenic*** process. This study focuses on the role and 
localization of the u-PA receptor (u-PAR) in newly formed microvascular 
structures. The u-PAR-blocking monoclonal ***antibody*** (MAb) H-2 
completely inhibited the formation of capillary-like tubular structures 
induced by exposure of hMVECs to basic ***f ibroblast*** 

***growth*** 

***factor*** and TNF-alpha. This was accompanied by a several-fold 
increase in u-PA accumulation in the conditioned medium. The effect of 

MAb 

H-2 was not caused by blocking cellular activation by u-PA/u-PAR 
interaction, as the amino-terminal +++f ragment*** (ATF) of u-PA, 

which 

also activates u-PAR, prevented tube formation. In addition, the 
inhibition by MAb H-2 was not due to an effect of the ***antibody*** 
on u-PAR-vitronectin binding. These data show that inhibition of tube 
formation can be caused not only by inhibition of u-PA or plasmin 
activities but also by unavailability of the u-PAR for cell-bound 
proteolysis. Immunohistochemical analysis showed that in in vitro 

***angiogenesis*** u-PAR and u-PA were localized on the invading, 
tube-forming hMVECs and not on the endothelial cells that are located on 
top of the fibrin matrix. u-PAR and u-PA were also prominently expressed 



on endothelial cells of neovessels present in an atherosclerotic plaque. 
These data may give more insight into the role of u-PAR in 
repair-associated ***angiogenesis*** 
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AB Ovarian follicles are composed of small and large granulosa cells (GCs) . 
Since progesterone (P4) inhibits large GCs from undergoing apoptosis, 
studies were designed to determine whether both sizes of GCs bind P4 . 
These studies revealed that fluorescein isothiocyanate- ***BSA*** -P4 
bound only to the surface membranes of small GCs. This binding was 
steroid-specific and inhibited by an ***antibody*** directed against 
the ligand-binding domain of the nuclear P4 receptor (PR) . In addition, a 
cell-impermeable derivative of P4, ***BSA*** -conjugated P4, was as 
effective as P4 in preventing apoptosis. Quantitative in situ 
hybridization studies showed that P4 increased the relative amount of 
basic ***fibroblast*** ***growth*** ***factor*** (bFGF) mRNA 

expressed per cell as well as the percentage of small GCs that expressed 
bFGF. To determine whether the anti-apoptotic action of P4 was mediated 

by 

bFGF, GCs were cultured in control medium supplemented with either P4, a 
neutralizing ***antibody*** to bFGF, or both P4 and the bFGF 

***antibody*** . The results from this study demonstrated that P4 
suppressed apoptosis and that this effect was attenuated in presence of 
the bFGF ***antibody*** . Basic FGF also prevented GC apoptosis, and 
its action was not influenced by either the PR antagonist (RU-486) , an 
inhibitor of P4 synthesis (aminoglutethimide) , or a PR ***antibody*** 

Finally, FGF receptors were detected on both small and large GCs. 
Collectively, these data support the hypothesis that P4 acts through a 
putative membrane receptor on small GCs to stimulate the synthesis of 
bFGF. Basic FGF then activates its receptors within large GCs, and this 
initiates a signal transduction pathway that maintains large GC 
viability. 
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Endostatin is a Mr 20,000 COOH-terminal *** fragment*** of collagen 
XVIII that inhibits the growth of several primary tumors. We report here 
the cloning and expression of mouse endostatin in both prokaryotic and 
eukaryotic expression systems. Soluble recombinant protein expressed in 
yeast (15-20 mg/L) inhibited the proliferation and migration of 
endothelial cells in response to stimulation by basic ***f ibroblast*** 

***growth*** ***factor*** . A rabbit polyclonal ***antibody*** 

was raised that showed positive immunoreactivity to the recombinant 
protein expressed from both systems. Importantly, the biological activity 
of the mouse recombinant protein could be neutralized by this antiserum 

both endothelial proliferation and chorioallantoic membrane assays. 
Systemic administration of endostatin at 10 mg/kg suppressed the growth 

renal cell ***cancer*** in a nude mouse model. The inhibition of 

***tumor*** growth with soluble yeast-produced protein was comparable 

that obtained with non-refolded precipitated protein expressed from 
bacteria. In addition, two closely related COOH-terminal deletion mutants 
of endostatin were also tested and showed strikingly differing activity. 
Collectively, these findings demonstrate the expression of a biologically 
active form of mouse endostatin in yeast, define a role for the molecule 
in inhibiting endothelial cell migration, extend its antitumor effects to 
renal cell carcinoma, and provide a formal proof (via the neutralizing 
antiserum experiments and the mutant data) that endostatin (and not a 
possible contaminant) acts as an antiangiogenic agent. Finally, the high 
level expression of mouse endostatin in yeast serves as an endotoxin 



soluble source of protein for fundamental studies on the mechanisms of 
***tumor*** growth suppression by ***angiogenesis*** inhibitors. 
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AB The present invention relates to gene therapy. In particular, 
therapeutic 

agents, therapeutic gene products, and compns . are disclosed. Various 
systems and methods useful in targeting and delivering non-native 
nucleotide sequences to specific cells are disclosed, wherein virus- 

***antibody*** -ligand conjugates are used to facilitate targeting and 
delivery. Thus, FAB- ***f ibroblast*** ***growth*** ***factor*** 

2 conjugates are constructed by linking modified recombinant 

***fibroblast*** ***growth*** ***factor*** (FGF) with the FAB 

***f ragment*** from a blocking monoclonal ***antibody*** , 1D6.14, 
which was generated against adenovirus type 5 knob region. FGF2 
retargeting of an adenovirus (i.e., altering the tropism of an adenovirus 
using a *** fibroblast*** ***growth*** ***factor*** ) 

significant enhances targeting efficiency and nuclear trafficking of the 
adenovirus vector well above that seen when the vector retains its native 
adenoviral tropism. In addn., FGF retargeting increases the 
inf ectability 

of adenovirus in various cells (e.g., cells expressing Kaposi's sarcoma) 
compared to the use of native adenovirus tropism alone, even in cell 

lines 

hat are resistant to adenovirus infection. The use of FGF retargeting 
vectors enhances potency; FGF-retargeted vectors deliver and promote the 
expression of a therapeutic gene to more target cells and in each cell so 
targeted. The vectors of the present invention are also significantly 
less toxic to the liver and are less ***immunogenic*** than are other 
adenovirus vectors. Finally, retargeting the viral vector retarged with 
FGF induces cytotoxicity to specific cell types when therapeutic gene 
sequences (e.g., cytotoxic sequences, such as herpes simplex virus 
thymidine kinase) are delivered. FGF retargeted vectors are thus able to 
transduce cells which are normally insensitive to adenovirus infection. 
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An inimunol . prepn. is provided which comprises not less than two types of 
conjugate mols. in admixt. for concurrent specific binding to a spatially 
exposed region of ***vascular*** ***permeability*** 
***factor*** 

(VPF) bound in-vivo to a tumor-assocd . blood vessel. Each conjugate mol. 
type comprises at least a binding portion of an ***antibody*** 
specific for an epitope present within a spatially exposed region of 

bound 

VPF; and an effector moiety covalently bound to the specific binding 
portion. The immunol . prepn. has wide uses and applications including 
anal, studies, in-vivo diagnostic testing, and in-vivo therapeutic 
treatments. The effector mol. may be a radionuclide, antimetabolite, 
bacterial exotoxin, etc. 
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Vascular endothelial growth factor (VEGF) is a highly 



***angiogenic*** growth factor; anti- ***angiogenic*** treatment 
through inhibition of receptor activation by VEGF might have important 
therapeutic applications in diseases such as diabetic retinopathy and 

***cancer*** . A neutralizing anti-VEGF ***antibody*** shown to 
suppress ***tumor*** growth in an in vivo murine model has been used 



as the basis for production of a humanized version. RESULTS: We present 
the crystal structure of the complex between VEGF and the Fab 

***fragment*** of this humanized ***antibody*** , as well as a 
comprehensive alanine-scanning analysis of the contact residues on both 
sides of the interface. Although the VEGF residues critical for 

***antibody*** binding are distinct from those important for 
high-affinity receptor binding, they occupy a common region on VEGF, 
demonstrating that the neutralizing effect of ***antibody*** binding 
results from steric blocking of VEGF-receptor interactions. Of the 
residues buried in the VEGF-Fab interface, only a small number are 
critical for high-affinity binding; the essential VEGF residues interact 
with those of the Fab ***f ragment*** , generating a remarkable 
functional complementarity at the interface. CONCLUSIONS: Our findings 
suggest that the character of antigen- ***antibody*** interfaces is 
similar to that of other protein-protein interfaces, such as 
ligand-receptor interactions; in the case of VEGF, the principal 
difference is that the residues essential for binding to the Fab 

***f ragment*** are concentrated in one continuous segment of 
polypeptide 

chain, whereas those essential for binding to the receptor are 
distributed 

over four different segments and span across the dimer interface. 
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AB Human ovarian adenocarcinoma cells N.l secrete an autocrine activity that 

stimulates active cell death under serum- reduced conditions. To 
substitute 

the autocrine activity by a single physiological component, 28 cytokines, 
growth factors and biomodulators were tested [interleukin lalpha 
(IL-lalpha), IL-lbeta, IL-2, IL-3, IL-4, IL-6, IL-10, IL-11, stem cell 
factor (SCF), platelet-derived growth factor (PDGF), acid 

***fibroblast*** ***growth*** ***factor*** (aFGF) , basic 

***fibroblast*** ***growth*** ***factor*** (bFGF) , insulin- 

like 

growth factor (IGF-1), IGF-2, insulin, macrophage colony-stimulating 
factor (M-CSF) , granulocyte colony-stimulating factor (G-CSF) , 
granulocyte-macrophage colony-stimulating factor (GM-CSF) , oncostatin, 
RANTES (regulated on activation normal T cell expressed and secreted), 
angiogenin, leukaemia inhibitory factor (LIF) , erythropoietin (EPO) , 
interferon alpha (INF-alpha), INF-gamma, transferrin, tumour necrosis 
factor alpha (TNF-alpha, TNF-beta and ***bovine*** ***serum*** 
***albumin*** for control reasons] . In these experiments, only TNF- 
alpha 

and TNF-beta rapidly induced apoptosis. TNF-alpha and TNF-receptor 1 were 
expressed by N.l cells, and the secretion of TNF-alpha was verified by 



with 



N.l 



enzyme-linked immunosorbent assay (ELISA) . Autocrine factor-triggered 
apoptosis was inhibited when conditioned supernatant was preincubated 

anti-TNF-alpha ***antibody*** . These findings suggested that the 
apoptosis-inducing component of the N.l autocrine activity was TNF-alpha. 
In the presence of antisense c-myc oligonucleotides, induction of cell 
death by autocrine factor was partly inhibited. Autocrine factor and 
TNF-alpha stimulated transcription of the invasiveness-related protease 
plasminogen activator/urokinase mRNA (upa) with similar kinetics. When 

cells were exposed to purified plasminogen activator/urokinase protein 
(uPA), cell matrix contact was disrupted. Thus, uPA might serve a 
physiological role during TNF-induced apoptosis by affecting the 
interactions between cells and the basal membrane, thereby facilitating 
anoikis. This mechanistic study, which was restricted to a single human 
ovarian carcinoma model cell line (N.l), provides evidence that N.l 
maintains the capacity to undergo c-myc-dependent apoptosis by the 
TNF-TNF- receptor pathway, and no additional pharmacological stimuli for 
induction of apoptosis are required. 

L54 ANSWER 18 OF 50 EMBASE COPYRIGHT 2001 ELSEVIER SCI. B.V. 
ACCESSION NUMBER: 1998140290 EMBASE 

TITLE: Protein release from alginate matrices. 

AUTHOR: Gombotz W.R.; Siong Fong Wee 

CORPORATE SOURCE: W.R. Gombotz, Analytical Chem. /Formulation Dept., Immunex 

Corporation, 51 University Street, Seattle, WA 98101, 
United States 

SOURCE: Advanced Drug Delivery Reviews, (4 May 1998) 31/3 

(267-285) . 
Refs: 129 

ISSN: 0169-409X CODEN: ADDREP 
PUBLISHER IDENT. : S 0169-409X ( 97 ) 00124-5 
COUNTRY : Netherlands 
DOCUMENT TYPE: Journal; Article 

FILE SEGMENT: 037 Drug Literature Index 

039 Pharmacy 
LANGUAGE: English 
SUMMARY LANGUAGE: English 

AB There are a variety of both natural and synthetic polymeric systems that 
have been investigated for the controlled release of proteins. Many of 



the 
be 



procedures employed to incorporate proteins into a polymeric matrix can 



harsh and often cause denaturation of the active agent. Alginate, a 
naturally occurring biopolymer extracted from brown algae (kelp) , has 
several unique properties that have enabled it to be used as a matrix for 
the entrapment and/or delivery of a variety of biological agents. 
Alginate 

polymers are a family of linear unbranched polysaccharides which contain 
varying amounts of 1,4 '-linked . beta . -D-mannuronic acid and 
. alpha . -L-guluronic acid residues. The residues may vary widely in 
composition and sequence and are arranged in a pattern of blocks along 

the 

chain. Alginate can be ionically crosslinked by the addition of divalent 
cations in aqueous solution. The relatively mild gelation process has 
enabled not only proteins, but cells and DNA to be incorporated into 
alginate matrices with retention of full biological activity. 
Furthermore, 

by selection of the type of alginate and coating agent, the pore size, 
degradation rate, and ultimately release kinetics can be controlled. Gels 



of different morphologies can be prepared including large block matrices, 
large beads (>1 mm in diameter) and microbeads (<0.2 mm in diameter). In 
situ gelling systems have also been made by the application of alginate 

to 

the cornea, or on the surfaces of wounds. Alginate is a bioadhesive 
polymer which can be advantageous for the site specific delivery to 
mucosal tissues. All of these properties, in addition to the 
nonimmunogenicity of alginate, have led to an increased use of this 
polymer as a protein delivery system. This review will discuss the 
chemistry of alginate, its gelation mechanisms, and the physical 
properties of alginate gels. Emphasis will be placed on applications in 
which biomolecules have been incorporated into and released from alginate 
systems . 
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AB Affinity chromatography has been widely used for the purification of 
monoclonal antibodies (MAb) . Traditionally, activated agarose beads 
conjugated with specific antisera have been used as a solid support in 
chromatographic protein purification. Magnetic beads conjugated with 
various antibodies have recently become an alternative method for the 
isolation of diverse proteins, nucleic acids, and cell types. In this 
study, murine anti- ***f ibroblast*** ***growth*** ***factor*** 

receptor 1 (FGFR1) immunoglobulin M (IgM) was isolated from protein 
solutions to compare immunoaf f inity column chromatography and magnetic 
bead IgM purification methods. Using immobilized rat anti-mouse IgM MAb, 
an UltraLink l-ethyl-3- (3-dimethylaminopropyl) carboiimide 
(EDC) /diaminodipropylamine (DADPA) immunoaf f inity column and 
polystyrene-coated magnetic beads were used for the purification of mouse 
IgM from ***bovine*** ***serum*** ***albumin*** 

/phosphate-buffered saline ( ***BSA*** /PBS) as well as from crude 
ascites. Protein quantitation and percent IgM yield were determined by 
reducing SDS-PAGE electrophoresis followed by silver staining, then IgM 
and protein contaminants were quantitated using densitometry analysis. 



IgM 
by 



anti-FGFRl binding specificity and immunologic activity were determined 

enzyme-linked immunosorbant assay (ELISA) . This study demonstrates that 
magnetic bead isolation of IgM from ascites is more effective than 
traditional affinity chromatography purification as determined by greater 
IgM yield, purity, and immunologic activity. 
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AB This study was undertaken to determine whether and how advanced glycation 

end products (AGE) , senescent macroproteins accumulated in various 
tissues 

under hyperglycemic states, cause angiogenesis, the principal vascular 
derangement in diabetic microangiopathy. We first prepared AGE- 

***bovine*** ***serum*** ***albumin*** ( ***BSA*** ) and 

anti-AGE antiserum using AGE-RNase A. Then AGE- ***BSA*** was 
administered to human skin microvascular endothelial cells in culture, 



and 



in 



their growth was examined. The AGE- ***BSA*** , but not nonglycated 
***BSA*** , was found to induce a statistically significant increase 



the number of viable endothelial cells as well as their synthesis of DNA. 
The increase in DNA synthesis by AGE- **+BSA*** was abolished by 
anti-AGE antibodies. AGE- **+BSA*** also stimulated the tube formation 
of endothelial cells on Matrigel. We obtained the following evidence that 
it is vascular endothelial growth factor (VEGF) that mainly mediates the 
angiogenic activities of AGE. (1) Quantitative reverse 

transcription-polymerase chain reaction analysis of poly (A) + RNA from 
microvascular endothelial cells revealed that AGE- ***BSA*** 
up-regulated the levels of mRNAs for the secretory forms of VEGF in time- 
and dose-dependent manners, while endothelial cell expression of the 

genes 

encoding the two VEGF receptors, kinase insert domain-containing receptor 
and fms-like tyrosine kinase 1, remained unchanged by the AGE treatment. 
Immunoprecipitation analysis revealed that AGE- ***BSA*** did increase 
de novo synthesis of VEGF. (2) Monoclonal ***antibody*** against 

human 

VEGF completely neutralized both the AGE-induced DNA synthesis and tube 
formation of the endothelial cells. The results suggest that AGE can 
elicit angiogenesis through the induction of autocrine vascular VEGF, 
thereby playing an active part in the development and progression of 
diabetic microangiopathies. 
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Although Borrelia burgdorferi is found at the site of many manifestations 
of Lyme disease, local infection may not explain all features of the 
disease. Previous work has demonstrated that the organism's 

***f lagellin*** cross-reacts with a component of human peripheral 

axon, heat shock protein 60. The cross-reacting epitope is identified by 
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FILE SEGMENT: 
ENTRY MONTH: 
ENTRY WEEK: 
AB 



nerve 



single anti-B. burgdorferi ***f lagellin*** monoclonal 
***antibody*** 

, H9724. We now report that the spontaneous and peptide growth 
factor-stimulated in vitro neuritogenesis of SK-N-SH neuroblastoma cells 
and other neural tumor cell lines is suppressed by H9724. In contrast, 
changes induced by exposure of these cells to optimal and suboptimal 
concentrations of cyclic AMP, phorbol ester, or retinoic acid are not 
affected by H9724. H9724 does not decrease cell viability or the ability 
of the cells to anchor to the culture plate or extracellular matrix and 
does not block nerve growth factor binding to the cells. These findings 
are compatible with the premise that antiaxonal antibodies formed during 
the immune response to B. burgdorferi ***flagellin*** might modify 
axonal function in vivo and play a role in the pathogenesis of neurologic 
features of Lyme disease. A humoral immune response predicated on 
molecular mimicry could explain persistent or ongoing neurologic 
dysfunction occurring after elimination of the organism by appropriate 
antibiotic therapy. 
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The cell growth and monoclonal ***antibody*** 
hybridoma cell cultures continuously exposed to growth factors and the 
cognate antigen were investigated. The growth factors were the epidermal 
growth factor, ***f ibroblast*** ***growth*** ***factor*** , 
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AB 



production kinetics of 



and 

interleukin-2, whereas the antigen was the trinitrophenyl group 
conjugated 



to a 



* carrier* 



***protein*** . The cultures were carried out 



in 



a protein-free medium in batch operation. During the entire cultivation 
period there was continuously available free, ***antibody*** -unbound 



antigen to interact with the cells. The produced 



b *antibody* 



the 



twice 



The 



measured with an ELISA after it was released from the antigen-protein 
conjugate by competitive elution with non-protein-conjugated antigen. 
Cultures with growth factors and without antigen increased the total 

***antibody*** produced by up to 30%, whereas cell growth remained 
unaffected. Soluble antigen-protein conjugates had no effect on the 
hybridoma cultures. In contrast, immobilized antigen-protein on sepharose 
beads in cultures with growth factors induced significant changes. Total 

***antibody*** produced was higher by up to 40%. More importantly, 

specific ***antibody*** production shifted from a growth-phase- 
independent to a growth-phase-dependent pro-file, with approximately 

as much specific ***antibody*** production during the late 
growth-early stationary phase relative to constant specific 

***antibody*** production in the antigen-free, factor-free culture. 



culture changes induced by the presence of immobilized antigen and growth 
factors were reversed when the antigen and the growth factors were 
removed 

from the cells 1 environment. 
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AB The cell growth and monoclonal ***antibody*** production kinetics of 
hybridoma cell cultures continuously exposed to growth factors and the 
cognate antigen were investigated. The growth factors were the epidermal 
growth factor, ***f ibroblast*** ***growth*** ***factor*** , 

and 

interleukin-2, whereas the antigen was the trinitrophenyl group 
con j ugated 

to a ***carrier*** ***protein*** . The cultures were carried out 

in 

a protein-free medium in batch operation. During the entire cultivation 
period there was continuously available free, ***antibody*** -unbound 
antigen to interact with the cells. The produced ***antibody*** was 
measured with an ELISA after it was released from the antigen-protein 
conjugate by competitive elution with non-protein conjugated antigen. 
Cultures with growth factors and without antigen increased the total 

***antibody*** produced by up to 30%, whereas cell growth remained 
unaffected. Soluble antigen-protein conjugates had no effect on the 
hybridoma cultures. In contrast, immobilized antigen protein on sepharose 
beads in cultures with growth factors induced significant changes. Total 

***antibody*** produced was higher by up to 40%. More importantly, 

the 

specific ***antibody*** production shifted from a growth 
phase-independent to a growth-phase-dependent profile, with approximately 
twice as much specific ***antibody*** production during the late 
growth-early stationary phase relative to constant specific 

***antibody*** production in the antigen-free, factor-free culture. 

The 

culture changes induced by the presence of immobilized antigen and growth 
factors were reversed when the antigen and the growth factors were 
removed 

from the cells' environment. 
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modular heparan sulfate proteoglycan that is localized to 
and within basement membranes. Its ability to interact with 
***growth*** ***factor*** (bFGF) 

***angiogenesis*** during development, 



by 

and 
three 

by 

rat 



wound healing, and ***tumor*** invasion. In the present study we 
investigated, using domain specific anti-perlecan monoclonal antibodies, 
the binding site of bFGF on human endothelial perlecan and its cleavage 

proteolytic and glycolytic enzymes. The heparan sulfate was removed from 
perlecan by heparitinase treatment, and the approximately 450-kDa protein 
core was digested with various proteases. Plasmin digestion resulted in a 
large ***f ragment*** of approximately 300 kDa, whereas stromelysin 

rat collagenase cleaved the protein core into smaller fragments. All 

proteases removed immunoreactivity toward the anti-domain I 

***antibody*** . We showed also that perlecan bound bFGF specifically 

the heparan sulfate chains located on the amino-terminal domain I. Once 
bound, the growth factor was released very efficiently by stromelysin, 

collagenase, plasmin, heparitinase I, platelet extract, and heparin. 
Interestingly, heparinase I, an enzyme with a substrate specificity for 
regions of heparan sulfate similar to those that bind bFGF, released only 
small amounts of bFGF. Our findings provide direct evidence that bFGF 
binds to heparan sulfate sequences attached to domain I and support the 
hypothesis that perlecan represents a major storage site for this growth 
factor in the blood vessel wall. Moreover, the concerted action of 
proteases that degrade the protein core and heparanases that remove the 
heparan sulfate may modulate the bioavailability of the growth factor. 
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In ***angiogenesis*** associated with tissue repair and disease, 
fibrin and inflammatory mediators are often involved. We have used 
three-dimensional fibrin matrices to investigate the humoral requirements 
of human microvascular endothelial cells (hMVEC) to form capillary-like 
tubular structures. bFGF and VEGF165 were unable to induce tubular 
structures by themselves. Simultaneous addition of one or both of these 
factors with TNF. alpha, induced outgrowth of tubules, the effect being 

the 

strongest when bFGF, VEGF165, and TNF. alpha, were added simultaneously. 
Exogenously added u-PA, but not its nonproteolytic amino-terminal 

***f ragment*** , could replace TNF. alpha., suggesting that 
TNF. alpha . -induced u-PA synthesis was involved. Soluble u-PA receptor 
(u-PAR) or antibodies that inhibited u-PA activity prevented the 
formation 

of tubular structures by 59-99%. . epsilon . -ACA and trasylol which inhibit 



the formation and activity of plasmin reduced file extent of tube 
formation by 71-95%. TNF . alpha . or u-PA did not induce tubular structures 
without additional growth factors. bFGF and VEGF165 enhanced of the u-PAR 
by 72 and 46%, but TNF. alpha, itself also increased u-PAR in hMVEC by 

30%. 

Induction of mitogenesis was not the major contribution of bFGF and 
VEGF165 because the cell number did not change significantly in the 
presence of TNF. alpha., and tyrphostin A47, which inhibited mitosis 
completely, reduced the formation of tubular structures only by 28-36%. 
These data show that induction of cell-bound u-PA activity by the 
cytokine 

TNF. alpha, is required in addition to the ***angiogenic*** factors 
VEGF165 and/or bFGF to induce in vitro formation of capillary- like 
structures by hMVEC in fibrin matrices. These data may provide insight in 
the mechanism of ***angiogenesis*** as occurs in pathological 
conditions . 
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AB Our study was aimed at investigating whether interaction of human 
melanoma 

cells with the extracellular matrix (ECM) protein fibronectin (FN) could 
regulate lymphokine gene expression. Serum-deprived cells (quiescent 
condition) of a metastatic melanoma cloned line were cultured either on 
uncoated or on FN- or ***BSA*** -coated surfaces. By means of reverse 
transcriptase- polymerase chain reaction (RT-PCR) , we analyzed mRNA 
expression of 4 cytokines interleukin (IL)-lalpha, IL, lbeta, IL-6 and 
IL-8-and 9 growth f actors-endothelial cell growth factor (ECGF) , basic 
***fibroblast*** ***growth*** ***factor*** (bFGF) , 

***fibroblast*** ***growth*** ***factor*** (FGF)-5, HST, 

keratinocyte growth factor (KGF) , transforming growth factor (TGF) -alpha 
TGF-betal, TGF-beta2 and TGF-beta3. When cultured on FN, melanoma cells 
expressed IL-lbeta and IL-6 transcripts in addition to IL-lbeta, IL-8, 
ECGF, TGF-betal, TGF-beta2 and TGF-beta3, already present in quiescent 
cells. Amplification parameters to achieve semi-quantitative RT-PCR were 
then determined for each detectable factor, thus allowing us to measure a 
selective enhancement of mRNA levels for IL-lalpha, IL-6, IL-8 and 
TGF-beta2 upon interaction with FN by quiescent melanoma cells. This 
augmented expression was inhibited by an anti-integrin betal chain 
monoclonal ***antibody*** (MAb) . Moreover, the amounts of IL-6, IL-8 
and IL-beta produced in the supernatants, as assessed by ELISA, 
correlated 

with the corresponding mRNA expression. Extension of this analysis to the 
other 5 human primary and metastatic melanoma lines confirmed the ability 
of FN to selectively up-regulate only IL-6 and IL-8 secretion. Our data 
indicate that FN is able to modulate expression and secretion of a 



defined 

subset of lymphokines in human melanoma. 
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n of the BRCA1 gene marks the beginning of translating this 
to useful information for patients. - The increase in our 
g of polypeptide growth factors and their receptors has led 
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trials of therapies that specifically target these regulatory processes. 
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AB The present invention encompasses methods for reducing or inhibiting 

growth factor in ***cancer*** cells and tissues. More particularly 

***immunogenic*** growth f actor-contg . compns . are administered to a 
human or animal with a ***cancer*** or ***tumor*** . The 

***immunogenic*** compns. elicit the prodn. of antibodies specific 

for 

growth factor which reduce the level or circulating growth factor, thus 
reducing or eliminating the proliferation of ***cancer*** . The 
present invention encompasses growth f actor-contg . liposomes and vesicles 
having portions of growth factor externally presented on their surfaces. 
The present invention also includes antibodies specific for growth 
factor. 

Thus, according to the present invention, growth factor levels are 
reduced 

either by active immunization of an individual using ***immunogenic*** 
growth f actor-contg . compns. or by passive immunization via administering 
to the individual an ***antibody*** or a group of antibodies specific 
for growth factor. 
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AB Phenotypic expression and proliferative capacity of the cells of 

oligodendrocyte lineage were investigated in primary cultures isolated 
from fetal human brains of 12-15 weeks 1 gestation using double 
immunolabeling with Ranscht-monoclonal ***antibody*** (R-mAb) or 04 
and antibromodeoxyuridine (BrdU) ***antibody*** . Cultured cells of 
oligodendrocyte lineage consisted of a major population of R-mAb+04- 

cells 

and minor populations of R-mAb-04+ and R- mAb+04+ cells. Most of the 
R-mAb+04- cells exhibited a uni-, bi-, or tripolar immature morphology, 
while the majority of the R-mAb+04+ cells exhibited a multipolar mature 
morphology. R-mAb-04+ cells contained a mixture of immature and mature 
cell types. When incubated in serum-free culture medium containing BrdU 
for 4 days, 42% of total oligodendrocytes expressed nuclear BrdU 
immunolabeling. R-mAb+ cells exhibited a higher degree of BrdU 
immunolabeling, indicating that they have greater capacities for 
proliferation than 04+ cells. The large majority of BrdU+ cells exhibited 
an immature morphology. Inclusion of insulin, insulin-like growth factor 
(IGF) -I, basic ***fibroblast*** ***growth*** ***factor*** 

(bFGF) , or fetal bovine serum in culture medium did not stimulate 
proliferation of oligodendrocytes, while platelet-derived growth factor 
(PDGF) or PDGF plus bFGF increased the number of R-mAb+BrdU+ and 04+BrdU+ 
cells over control, even though the results were not statistically 
significant. In addition, insulin and IGF-I induced a 3-fold increase in 
the number of R-mAb+04+ cells, indicating that they promoted 
differentiation of oligodendrocytes. The present study indicates that 



fetal human oligodendrocytes in culture exhibit a considerable degree of 
proliferative capacity without requirement of exogenous growth factors 

and 

that both insulin and IGF- 1 promote their differentiation. 

L54 ANSWER 31 OF 50 MEDLINE DUPLICATE 7 

ACCESSION NUMBER: 94329309 MEDLINE 
DOCUMENT NUMBER: 94329309 

TITLE: Immunohistochemical localization in the rat brain of an 

epitope corresponding to the ***f ibroblast*** 
***growth*** ***f actor*** receptor-1 . 

AUTHOR: Matsuo A; Tooyama I; Isobe S; Oomura Y; Akiguchi I; Hanai 

K; Kimura J; Kimura H 

CORPORATE SOURCE: Department of Neurology, Kyoto University, Japan.. 

SOURCE: NEUROSCIENCE, (1994 May) 60 (1) 49-66. 

Journal code: NZR. ISSN: 0306-4522. 

PUB. COUNTRY: ENGLAND: United Kingdom 

Journal; Article; (JOURNAL ARTICLE) 

LANGUAGE: English 

FILE SEGMENT: Priority Journals 

ENTRY MONTH: 199411 

AB The localization of *** fibroblast*** ***growth*** ***factor*** 

receptor-1 was investigated in rat brain by immunohistochemistry using a 
polyclonal ***antibody*** against an acidic peptide sequence of 
chicken *** fibroblast*** ***growth*** ***factor*** receptor- 

1. 

For raising the antisera in rabbits, we synthesized the oligopeptide 
EDDDDEDDSSSEEKEAD which is a highly acidic region of chicken 

***fibroblast*** ***growth*** ***factor*** receptor-1. The 

oligopeptide was used as a haptenic antigen by conjugating with 
poly-L-glutamate as a ***carrier*** ***protein*** . On immunospot 

assay, the best antiserum was capable of detecting 15.7 pmols of both the 
chicken and its analogous human oligopeptides but failed to react even 

with up to 1 nmol of poly-L-glutamate. When rat brain homogenate was 
examined by Western blots, the antiserum revealed two bands with 
molecular 

weights of 145,000 and 75,000 corresponding to known sizes of the 
membrane-bound and secreted forms of the rat receptor, respectively. 
Immunohistochemistry in rat brain demonstrated that putative 

***f ibroblast*** ***growth*** ***factor*** receptor-1 

immunoreactivity sites were present mainly in neurons but also in 
tanycytes and ependymal cells. Positive neurons were distributed widely 

in 

various brain regions, but were particularly abundant in such regions as 
the lateral hypothalamus, substantia nigra, locus coeruleus and raphe 
nuclei. The present study suggests that ***f ibroblast*** 

***growth*** ***factor*** receptor-1 is expressed preferentially 

in 

certain neuronal systems that appear to be under the influence of 
fibroblast growth factors in the normal brain. The result should 
facilitate study of the functional significance of fibroblast growth 
factors in these brain neurons. 
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AB The progressive emergence of a close relationship between the formation 



of 



blood vessels in the vicinity of tumour cells and the development and 
spreading of tumours, strongly suggests that ***angiogenesis*** might 
be a prerequisite for tumour development. ***Angiogenesis*** starts 
and develops in response to two sets of extracellular signals: soluble 

***angiogenic*** factors and extracellular matrix. Different 
experimental models have been used to study ***angiogenesis*** in 
vivo, but they have numerous limitations. Three-dimensional culture 
systems reconstitute normal interactions between endothelial cells and 



the 



surrounding extracellular matrix. Numerous parameters including 
***angiogenic*** growth factors and cytokines, cell-to-cell 
interactions 

and cell-to-extracellular matrix adhesion influence the growth and 
differentiation of endothelial cells in vitro as well as in vivo. 

***Angiogenesis*** plays a major role not only in tumour growth but 



also 



in 



in ***metastasis*** development. Mechanisms of switching to 

***angiogenic*** phenotype have been recently described and onset of 
***angiogenic*** activity is now recognized as another discrete step 



tumorigenesis . Tumour cells can induce b-FGF expression and exportation, 
VEGF and VEGF receptor expression and inactivation of the ***cancer*** 
suppressor gene encoding for a *** fragment*** of thrombospondin . A 
controlled net proteolytic balance produced by tumour cells or 
endothelial 

cells is required to favour migration and invasion of endothelial cells 
and ***angiogenesis*** . The hypothesis that assessment of tumour 
***angiogenesis*** might predict tumour aggressiveness in human 
***cancer*** has recently gained support from several clinical 
studies . 

This has been shown for cutaneous melanoma, breast carcinoma, and 
non-small-cell lung ***cancer*** by quantitation of microvessels in 
human biopsies using von Willebrand factor or CD 3 antigen labelling with 
specific antibodies. However, more specific and sensitive markers are 
needed to improve this approach for predicting tumour aggressiveness. 
Folkman proposed twenty years ago that inhibition of ***angiogenesis*** 
might represent a suitable complementary strategy for the treatment of 
various forms of ***cancer*** . Since then numerous angiostatic 
compounds have been identified but very few of them fit the required 
criteria of a potential drug. Fumagillin and particularly its synthetic 
analogue AGM 1470 might be developed for use in humans in the near 
future . 
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Chem. species, esp . peptides, are synthesizied by a stepwise, controlled 
process using a proteinaceous substances as the synthesis substrate. The 
coupled products obtained by the process can be used, e.g., as vaccines, 
matrix materials, or carrier mols. The products, including peptides and 
peptide derivs . , prepd. by the method are also claimed. ***Bovine**+ 
***serum*** ***albumin*** ( ***BSA*** ) was placed in a 

silylated 

reaction vessel and the C02H groups were diethylamidated before coupling 
glutamic acid as the Fmoc ( 9-f luorenylmethyloxycarbonyl ) and tert-Bu 
protected Dhbt ( 3-hydroxy-3, 4-dihydrobenzotriazin-4-one ester, blocking 
remaining amino groups with acetic anhydride, and sequentially coupling 
Fmoc- and side chain-protected Dhbt esters of lysine, serine, threonine, 
aspartic acid, methionine, and serine. Piperidine was used to remove the 
Fmoc protecting group between couplings. Side chain protection groups 
were removed in CH2C12/F3CC02H (1:1 vol. /vol.) at 0. degree.. The product 
had an av. of 35 synthesized peptide chains per *** BSA *** mol . The 
coupled product was used to raise antibodies to Ser-Met-Asp-Thr-Ser-Lys- 
Glu in rabbits . 
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AB Nerve growth factor-like substance (s) were identified in both conditioned 
media of a human prostatic tumor epithelial cell line (TSU-prl) and a 
human prostatic stromal cell line (HPS) by Western blot analysis and 
bioassay of neurite outgrowth of PC12 cells. Nerve growth factor-beta 
(NGF) immunofluorescence was also localized to secretory vesicles in the 
cytoplasm of both the TSU-prl and HPS cells. Western blot of the TSU-prl 
and HPS cell-secreted protein identified an Mr 65,000 major protein which 
immunoreacted with murine NGF ***antibody*** . NGF Western blot of HPS 
cell-secreted protein also identified an Mr 42,000 minor band under 
reduced and nonreduced conditions and an Mr 61,000 minor band under 
reduced conditions. The secreted protein from the TSU-prl cells (50 
micrograms /ml) and HPS (50 micrograms /ml) , as well as murine NGF (50 
ng/ml) or human recombinant NGF (50 ng/ml) , stimulated neurite outgrowth 
from PC12 cells. This neurite outgrowth activity was partially inhibited 
by treatment with NGF ***antibody*** . Neither the serum containing 
growth medium nor ***bovine*** ***serum*** ***albumin*** (50 

micrograms /ml) stimulated neurite outgrowth. The NGF-like secretory 
protein appeared to play a role in the paracrine regulation of prostatic 
growth between TSU-prl cells and HPS cells. The relative growth of TSU- 
prl 

cells, as indicated by [ 3H] thymidine incorporation, in response to HPS 
secretory protein was stimulated 2.8-fold in a dose-dependent manner. In 
the converse interaction, the relative growth of HPS cells in response to 
TSU-prl secretory protein was stimulated 1.8-fold in a dose-dependent 
manner. Immunoneutralization of TSU-prl and HPS secretory protein was 
performed with ***antibody*** against NGF, acidic ***fibroblast*** 
***growth*** ***factor*** , and basic ***f ibroblast*** 

***growth*** ***factor*** . Removal of the NGF-like protein from 

maximal stimulatory dose of TSU-prl secretory protein (100 micrograms /ml ) 
with NGF ***antibody*** reduced HPS proliferation to 52% of maximal 
levels, and immunoneutralization of the NGF-like protein in the maximal 
stimulatory dose of HPS secretory protein (20 micrograms /ml ) also reduced 
TSU-prl proliferation to 16% of maximal levels. Addition of normal rabbit 
serum or prior immunoprecipitation of either TSU-prl or HPS secretory 
protein with ***antibody*** against acidic *** fibroblast*** 
+**growth*** ***factor*** and basic ***f ibroblast*** 

***growth*** ***factor*** did not inhibit the proliferation of 

either cell type. These results suggest that TSU-prl tumor cells and HPS 
cells secrete NGF-like protein (s) which modulate their paracrine 
interactive growth in vitro. 
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AB Shionogi carcinoma 115 (SC115) has been accepted for 20 years as an 
androgen-responsive mouse mammary tumor. Recently, the growth of the 

tumor 

was also found to be stimulated by pharmacological, but not 
physiological, 

doses of glucocorticoid. In a serum-free culture system [Ham's 
F-12: Eagle's minimal essential medium (1:1, v/v) containing 0.1% 

***bovine*** ***serum*** ***albumin*** ] , we have established 

that 10 (-8) M testosterone, or 10 (-6) M dexamethasone significantly 
stimulates the growth of SC-3 cells (a cloned cell line from a SC115 
tumor) via androgen and glucocorticoid receptors, respectively. Recently, 
we demonstrated that the testosterone-induced growth of SC-3 cells is 
mediated through autocrine ***f ibroblast*** ***growth*** 

***factor*** (FGF)-like peptide(s). In the present study, mechanisms 

of 

glucocorticoid-induced growth of SC-3 cells were investigated. Serum-free 
conditioned medium obtained from 10 (-6) M dexamethasone-stimulated SC-3 
cells was fractionated by heparin-Sepharose affinity chromatography; one 
sharp peak of growth-stimulatory activity for SC-3 cells, eluted at 1 . 3 M 
NaCl, was identified. When the peak fraction was added to serum-free 
medium, the shape of SC-3 cells changed from an epithelial to a 
fibroblast-like appearance, similar to that induced with testosterone or 
basic (b)FGF. Furthermore, the growth-stimulatory activity induced with 
the peak fraction as well as testosterone or bFGF was markedly inhibited 
by anti-bFGF ***antibody*** immunoglobulin G (75 to 90% inhibition 

obtained), and the specific binding of 1251-bFGF on SC-3 cells was 
significantly inhibited by the peak fraction. These results suggest that 
the glucocorticoid-induced growth of SC-3 cells is also mediated through 
FGF-like peptide (s) in an autocrine mechanism, which is very similar to 
that induced by testosterone, if not identical. 
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AB The mitogenicity of germ cell proteins released from round spermatids 
(RS) 

and pachytene spermatocytes (PS) was investigated. Germ cells were 
isolated by centrifugal elutriation from 90-day-old rat testes and 
incubated in a supplement enriched culture media that lacked exogenous 
proteins. The conditioned culture media of RS and PS were 
dialysed/ concentrated and lyophilized to prepare RS protein (RSP) and PS 
protein (PSP) . Mitogenic activity of RSP and PSP was determined by 
3H-thymidine incorporation into Swiss 3T3 fibroblasts. RSP and PSP 



by 



stimulated 3H-thymidine incorporation by fibroblasts in a dose-dependent 
manner. At a higher concentration of RSP (300 micrograms/ml ) , fibroblast 
proliferation was stimulated from 6- to 20-fold of control cultures, 
whereas PSP (300 micrograms/ml) stimulated fibroblast proliferation 
2.5-fold of control cultures. Since RSP exhibited substantially greater 
mitogenic activity than PSP we further investigated the RSP mitogenic 
substance (s) by immunoneutralization with antibodies against several 
growth factors. The mitogenic activity of RSP was significantly reduced 



treatment with nerve growth factor (NGF) ***antibody*** , while 
neither 

the treatment of RSP with acidic *** fibroblast*** ***growth*** 
***factor*** (aFGF) ***antibody*** , nor basic *** fibroblast*** 
***growth*** ***factor*** (bFGF) ***antibody*** significantly 

modified the mitogenic activity of RSP. Interestingly, murine NGF-beta, 
recombinant human NGF-beta, and *+*bovine*** ***serum*** 

***albumin*** ( ***BSA*** ) did not exhibit mitogenic activity on 



3T3 
PS 

and 
cell 



fibroblasts. Nevertheless, the presence of a NGF-like protein in RS and 

was confirmed by indirect immunofluorescence staining with a murine NGF 
***antibody*** . Subsequently, a Western blot analysis with the NGF 
***antibody*** identified two immunoreactive bands of 41 +/- 2 kDa 

51 +/- 1 kDa in both RSP and PSP under reduced conditions. These germ 



NGF-like proteins were apparently different from similarly prepared 
murine 

and human NGFs (13 kDa) in their molecular weight. Furthermore, neurite 
outgrowth from pheochromocytoma cells (PC-12), a functional bioassay for 
NGF-like activity, was stimulated by addition of RSP and PSP to the 
culture media of the PC-12 cells. These results demonstrate mitogenic 
activity in germ cell proteins (RSP and PSP) and identify a NGF-like 
protein (s) which is associated with most of this activity. 
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AB We report investigations on factors influencing contractility by 
testicular peritubular cells (PC) maintained in culture in a 
three-dimensional collagen gel system, and the behavior of PC in culture 
on a two-dimensional system. At low and moderate cell densities, PC 
embedded in collagen gels in serum-free Eagle's minimal essential medium 
(MEM) have a lesser degree of contractility than PC in culture in MEM 
containing calf serum. The contractility by PC, measured by determining 



changes in diameter of the collagen gel, was increased by addition of 
transforming growth factor-beta (TGF-beta) to serum-free MEM, and this 



was 



further enhanced by supplementing the medium with platelet-derived growth 
factor (PDGF) . In the absence of TGF-beta, however, PDGF had no 
detectable 

effects on PC contractility. Other growth factors examined (epidermal 
growth factor, insulin, and ***f ibroblast*** ***growth*** 

***factor*** ) did not influence the degree of contractility of PC in 
serum-free MEM in the presence or absence of TGF-beta. PC maintained in 
MEM supplemented with platelet-poor serum (PPS) have a lesser degree of 
contractility than their counterparts in MEM containing 2.5% calf serum. 
The addition of TGF-beta and PDGF to PPS-supplemented MEM restored 
contractility by PC to a level comparable to that observed by PC in MEM 
containing complete serum. The addition of nonpurified ***bovine*** 

***serum*** ***albumin*** ( ***BSA*** ) to MEM greatly 

increased 

PC contractility. By contrast, highly purified ***BSA*** had no such 
effect, suggesting that one or more components adsorbed to the impure 

***BSA*** was implicated. Polyclonal ***antibody*** against 
fibronectin did not influence the contractility of PC in collagen gels in 
the presence or absence of serum. Antiserum against TGF-beta partially 
blocked the enhancement of contractility of PC in MEM containing 
non-purified ***BSA*** . In PC plated on top of a collagen gel 
lattice, 

the attachment, spreading, and cell shape were greatly influenced by the 
presence of TGF-beta and PDGF, both singly and together. Data presented 
are interpreted to indicate that effects elicited by serum on the 
properties of PC in culture, and on the contractility of PC, can be 
attributed in part to the combined influences of TGF-beta and PDGF in 
serum. 
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AB An extract of cultured human cholangiocellular carcinoma cells (HuCC-Tl) 
was found to contain high mitogenic activity for BALB/ c3T3 cells. The 
growth factor eliciting most of the mitogenic activity was purified and 
concluded to be identical with basic ***f ibroblast*** ***growth*** 
***f actor*** (bFGF)-like factor on the basis of its molecular weight 



and 



heparin-Sepharose elution profile, and the results of immunoblotting and 
radioimmunoassay. HuCC-Tl cells also secreted bFGF-like factor into 



1 



serum-free medium. A combination of insulin and transferrin or 

***bovine*** ***serum*** ***albumin*** stimulated the growth 

of 

HuCC-Tl cells in serum-free medium. However, bFGF did not stimulate thei 
growth in the presence and absence of these supplements. Neutralizing 
monoclonal ***antibody*** against bFGF did not inhibit growth. These 
results indicate that bFGF-like factor is not a growth factor for this 
cell line. 
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AB Immunoglobulins reactive against basic ***f ibroblast*** 
***growth*** 

***factor*** (bFGF) were obtained from the serum of a single rabbit 
immunized against residues [1-24] of bFGF conjugated to keyhole limpet 
hemocyanin ( ***KLH*** ) . Pure immunoglobulin preparations no. 1 and 



no , 



no . 



2 were prepared using different affinity chromatography columns and 
preabsorption to ***KLH*** -coupled Sepharose for preparation no. 1. 
Both preparations no. 1 and no. 2 were specific for bFGF in in vitro 
assays. Competition with synthetic peptides suggests that preparations 



1 and no. 2 recognize predominantly epitope (s) within residues [16- 
24] bFGF 

or residues [1-10] bFGF, respectively, in situ. Furthermore, no. 2 (but 

not 

no. 1) antibodies can react with tissue- (heparin- ) -bound antigen. When 
used in indirect immunofluorescence for bFGF in frozen heart sections, 
preparation no. 1 stained predominantly muscle intercalated discs (IcDs) 
muscle nuclei were also stained, in an overall punctate fashion. 
Preparation no. 2 stained muscle nuclei strongly, in association with th 
nuclear envelope; it also stained basement-membrane associated bFGF. 
Differences in immunostaining were also observed in uterine smooth muscl 
and kidney sections but not in skeletal muscle. It is plausible that 
accessibility of various epitopes within the amino-terminal region 
depends 

strongly on the local interactions of bFGF. Our data illustrate the 
importance of using several different antibodies to localize bFGF in a 
tissue . 
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AUTHOR : 



CORPORATE SOURCE: 



protein-free culture of Shionogi carcinoma 115 cells. 
Tanaka A; Matsumoto K; Nishizawa Y; Lu J; Yamanishi H; 
Maeyama M; Nonomura N; Uchida N; Sato B 

Department of Pathology, Osaka University Medical School, 
Japan. 

JOURNAL OF STEROID BIOCHEMISTRY AND MOLECULAR BIOLOGY, 
(1990 Sep) 37 (1) 23-9. 
Journal code: AX4 . ISSN: 0960-0760. 
ENGLAND: United Kingdom 
Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals; Cancer Journals 
199103 

Shionogi carcinoma 115 (SC115) has been accepted for 20 years as an 
androgen-responsive mouse mammary tumor. We have established an 
androgen-dependent cloned cell line (SC-3) from a SC115 tumor. In a 
serum-free medium, testosterone (T) or fibroblast growth factors (FGFs) 
markedly stimulate the growth of SC-3 cells, and the T-induced growth was 
shown to be mediated through FGF-like peptide (s) in an autocrine 
mechanism. Since we used the serum-free culture including 0.1% 



SOURCE 



PUB. COUNTRY 

LANGUAGE: 
FILE SEGMENT 
ENTRY MONTH: 
AB 



***bovine*** 



* serum* 



***albumin*** 



( 



*BSA* 



partially serum-containing condition, putative roles of ***BSA*** - or 
serum-borne growth factors in growth stimulation of autocrine production 
of FGF-like peptide (s) could not be excluded. This paper reports findings 
performed in a protein-free medium including plating [Ham's F-12:MEM 

(1:1; 

v/v) ] . In the protein-free culture, the growth of SC-3 cells was 
significantly stimulated by the addition of greater than or equal to 
10 (-10) M T (up to 20-fold), greater than or equal to 10 (-7) M 
dexamethasone (Dex; up to 7-fold) or greater than or equal to 1 ng/ml 
basic (b) or acidic FGF (up to 10-fold) ; other various growth factors had 
no such effects. Furthermore, DNA synthesis of SC-3 cells induced by T, 
Dex or bFGF was similarly and markedly inhibited by bFGF neutralizing 
***antibody*** IgG. Therefore, the present findings seem to 
demonstrate 

that androgens or high levels of glucocorticoids induce the production 

and 

secretion of FGF-like peptide (s) from SC-3 cells for their growth even in 
the absence of additional support by other factors. 
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androgen- or glucocorticoid-induced growth of Shionogi 
carcinoma 115 cells in serum-free culture. 
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AB Shionogi carcinoma 115 (SC115) has been accepted for 20 years as an 

androgen-responsive mouse mammary tumor. However, we and others recently 
found that the growth of SC115 cells is also stimulated by high doses of 
glucocorticoids. We already reported the following findings. In a 
serum-free medium [Ham's F-12: Eagle f s minimum essential medium (1:1, 

v/v) 

containing 0.1% ***bovine*** ***serum*** ***albumin*** ], 

greater than or equal to 10 (-9) M testosterone and greater than or equal 
to 10 (-8) M dexamethasone significantly stimulated the growth of SC-3 
cells (a cloned cell line from a SC115 tumor) through androgen and 
glucocorticoid receptors, respectively. In the present study, we have 
demonstrated that higher concentrations ( 10 ( -7 ) -10 (-6 ) M) of weak 
androgens such as 4-androstene-3, 17-dione or weak glucocorticoids such as 
corticosterone also significantly stimulate the growth of SC-3 cells and 
that their relative potency is found to be in parallel with their binding 
affinity for their receptors, respectively. Furthermore, DNA synthesis of 
SC-3 cells induced by 0 . 1 ng/ml basic ***f ibroblast*** ***growth*** 
***factor*** (FGF), 10 (-8) M testosterone, 10 (-6) M 4-androstene- 

3, 17- 
dione, 10 (-7) M dexamethasone, or 10 (-6) M corticosterone was found to be 
similarly and significantly inhibited by the addition of basic FGF 
neutralizing ***antibody*** IgG in the present study; approximately 
70% inhibition of the basic FGF, androgen, or glucocorticoid effects was 
attained. We already reported findings which suggest that SC-3 cells 
produce FGF-like peptide for their testosterone-induced growth. 

Therefore, 

the present study presents new additive information to demonstrate that 
the growth-stimulatory activity of various androgens or possibly 
glucocorticoids on SC-3 cells is mediated through a FGF-like peptide in 



an 



autocrine mechanism. 
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AB Rabbit polyclonal antibodies were raised against ***ovalbumin*** 
conjugates of purified bovine brain acidic ***f ibroblast*** 
***growth*** **+factor*** (aFGF) and a synthetic peptide 

containing 

the N( .alpha. ) -terminal 1-24 amino acid sequence of bovine basic 

***fibroblast*** ***growth*** ***factor*** (bFGF) . These 

antibodies were used to specifically detect 1-ng quantities of aFGF and 
bFGF by using enzyme-linked immunosorbent assay (ELISA) and Western 



immunoblot procedures. Antibodies raised against aFGF recognized bovine 
brain aFGF and bovine recombinant aFGF but very porly recognized 
recombinant bFGF or purified porcine or bovine pituitary bFGF with ELISA 
and Western immunoblot procedures. Antibodies raised against bFGF (1-24) 
recognized purified bovine, porcine, and recombinant human bFGF but only 
very poorly recognized aFGF with ELISA and Western immunoblot procedures. 
In vitro addition of anti-bFGF antibodies was able to partially 
neutralize 

bFGF-stimulated 3H-thymidine incorporation by COMMA- D mouse mammary 
epithelial cells while having no effect on aFGF or epidermal growth 
factor 

(EGF) stimulation. In vitro addition of anti-aFGF antibodies had no 
effect 

on bFGF- or EGF-stimulated 3H-thymidine incorporation, but surprisingly, 
had a potentiating effect on aFGF stimulation. Antibodies against aFGF 
immobilized on protein A-Sepharose were able to specifically and 
completely remove mitogenic activity from solutions containing aFGF but 
had no effect on removal of mitogenic activity from control solutions 
containing bFGF or EGF. Similarly, immobilized anti-bFGF antibodies 
completely removed mitogenic activity from solutions of bFGF, but not 

aFGF 

or EGF controls. These antibodies have been useful for the identification 
and characterization of growth factors from tissue and recombinant 
sources . 
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***Thyroglobulin*** 
differentiation marker 
cells . 
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SOURCE: 
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English 
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A system of calf thyroid follicular cells in primary cultures has been 
developed to investigate the control of ***thyroglobulin*** gene 
expression in normal cells in vitro. In low (0.1%) serum conditions, the 
cells remained quiescent and formed dense aggregates surrounded by slowly 
spreading cells. High expression of thyroid-specific differentiation 
markers such as ***thyroglobulin*** (Tg) mRNA accumulation and iodide 
transport required the continuous exposure of cells to thyrotropin (TSH) 
or other adenylate cyclase activators (cholera toxin and forskolin) . In 
the absence of TSH, Tg mRNA decreased 
Addition of TSH, forskolin or cholera 



to low but still detectable levels, 
toxin restored high Tg gene 



expression. Hydrocortisone moderately stimulated basal Tg mRNA 
accumulation and strongly potentiated the effect of TSH. Growth promoters 
including serum (1-10%), epidermal growth factor (EGF), 
***fibroblast*** 

***growth*** ***factor*** (FGF) and 12-O-tetradecanoylphorbol 

13-acetate (TPA) induced calf thyroid cells to develop as a monolayer and 
inhibited both basal and TSH-stimulated expression of specialized 



functions. Moreover, only a partial restoration of this expression was 
achieved after addition of TSH or forskolin to well spread-out cells that 
had proliferated in response to EGF or serum. The results show that in 
calf thyroid cells, iodide transport and Tg gene expression are regulated 
by TSH through cyclic AMP; hydrocortisone potentiates this effect on Tg 
gene expression, while all growth promoting factors inhibit the 
expression 

of these differentiated functions. 
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AB Rabbit polyclonal antibodies were raised against ***ovalbumin*** 
conjugates of purified bovine brain acidic ***f ibroblast*** 
***growth*** ***factor*** (aFGF) and a synthetic peptide 

containing 

the N. alpha . -terminal 1-24 amino acid sequence of bovine basic 

***fibroblast*** ***growth*** ***factor*** (bFGF) . These 

antibodies were used to specifically detect 1-ng quantities of aFGF and 
bFGF by using enzyme-linked immunosorbent assay (ELISA) and Western 
immunoblot procedures. Antibodies raised against aFGF recognized bovine 
brain aFGF and bovine recombinant aFGF but very poorly recognized 
recombinant bFGF or purified porcine or bovine pituitary bFGF with ELISA 
and Western immunoblot procedures. Antibodies raised against bFGF (1-24) 
recognized purified bovine, porcine, and recombinant human bFGF but only 
very poorly recognized aFGF with ELISA and Western immunoblot procedures. 
In vitro addition of anti-bFGF antibodies was able to partially 
neutralize 

bFGF-stimulated 3H-thymidine incorporation by COMMA-D mouse mammary 
epithelial cells while having no effect on aFGF or epidermal growth 
factor (EGF) stimulation. In vitro addition of anti-aFGF antibodies had 



no 



aFGF 



effect on bFGF- or EGF-stimulated 3H-thymidine incorporation, but 
surprisingly, had a potentiating effect on aFGF stimulation. Antibodies 
against aFGF immobilized on protein A-Sepharose were able to specifically 
and completely remove mitogenic activity from solutions containing aFGF 
but had no effect on removal of mitogenic activity from control solutions 
containing bFGF or EGF. Similarly, immobilized anti-bFGF antibodies 
completely removed mitogenic activity from solutions of bFGF, but not 

or EGF controls. These antibodies have been useful for the identification 
and characterization of growth factors from tissue and recombinant 
sources . 
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AB Polyclonal antibodies which have the capacity to neutralize the 
biological 

activity of basic fibriblast growth factor (bFGF) in vitro, have been 
raised in rabbits against the 157 amino acid form of bFGF purified from 
human placenta. In a dot blot assay the anti-bFGF antibodies do not 
recognize the acidic form of FGF (aFGF) with which the basic form shares 
significant amino acid sequence homology. As determined by 
immunoblotting, 

bFGF antibodies recognized only bFGF in a mixture of placentally derived 
heparin-binding proteins, demonstrating the specificity of these 
antibodies. Using the anti-human bFGF antibodies, we have developed a 
solid-phase competitive radioimmunoassay sensitive to 7.8 ng/ml (0.4 
pmol/ml) for bFGF. aFGF does not compete with bFGF for binding to the 
antibodies in the radioimmunoassay even at 2.04 micrograms/ml . The 
specificity of the assay was further demonstrated by a lack of 
competition 

of cytochrome C, myoglobin, epidermal growth factor or ***bovine*** 
***serum*** ***albumin*** with bFGF for binding to the 

antibodies . 

We have identified bFGF in extracts of adherent thioglycollate-stimulated 
mouse peritoneal macrophages by immunological criteria including the 
ability of the extract to compete with 1251-bFGF for binding to 
affinity-purified anti-human bFGF antibodies in the RIA and the ability 



of 



these antibodies in inhibit the bFGF-like biological activity of the 
macrophage extract . 
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ectively reactive with the N-terminal tetrapeptide sequence 



the platelet-derived connective tissue activating peptide-III mitogen 

were 

prepared and characterized. Solid phase synthesized Z-Asn-Leu-Ala-Lys ( Z ) - 
OH tetrapeptide representing the N-terminus of the mitogen was used as an 
***immunogen*** after carbodiimide mediated coupling to methylated 
***bovine*** ***serum*** ***albumin*** carrier and subsequent 

removal of Z groups. Anti-tetrapeptide sera demonstrated cross-reactivity 
to the mitogen but not beta-thromboglobulin, *** fibroblast*** 

***growth*** ***factor*** , or epidermal growth factor, and a 

limited 

cross-reactivity to parathyroid hormone. The studies indicate that the 
N-terminal sequence of the mitogen is accessible for binding with 

***antibody*** and the antitetrapeptide sera provide a reagent for 

the 

selective measurement of biologically active mitogen in the presence of 
structurally similar beta-thrombo-globulin . In addition, computer 
analysis 

of amino acid sequences revealed that few proteins contain the 
Asn-Leu-Ala-Lys sequence and of those that do, many are retroviral 
proteins or transforming polyproteins . 
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AB The complexity and the variations in the efficiency of different batches 
of serum stimulated the preparation of a serum-free medium which could 
promote not only growth, but also the differentiation properties of 

rabbit 

articular chondrocytes in culture. The serum-free medium (SFM) developed 
in this study contained insulin, transferrin, Na-selenite, human 
fibronectin ***bovine*** ***serum*** ***albumin*** ( 

***BSA*** ), brain growth factor (BGF) or ***fibroblast*** 
***growth*** ***factor*** ( FGF) , hydrocortisone and 

multiplication 

stimulating activity (MSA) . Primary or secondary cultures of chondrocytes 
in such a medium attained a proliferation rate equal to 70-80% of that 
obtained with chondrocytes grown in a serum control medium. The deletion 
of various factors from SFM indicates that BGF or FGF are the most 
stimulating of growth factors. Insulin was beneficial when used 
individually; when combined with BGF or FGF, they had a synergistic 
effect 

on cell proliferation. MSA seemed not to play any role in chondrocyte 
growth in culture. The SFM medium did not modify either the morphology or 
the progression of cells into the cell cycle. It moreover allowed the 
maintenance of the specific function of chondrocytes to synthesize type 

II 

collagen. 
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Small molecular weight permeability factor in guinea 
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J. Immunol. (1969), 103(4), 875-8 
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Journal 
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***bovine*** ***serum*** ***albumin*** (I) 



re incubated in siliconized test tubes with guinea pig 
not contacted glass at 37. degree, for 10 min. The ppts. 
en extd. with 0 . 5M NaCl at pH 8. The ext. contained a 
ility enhancing factor which had a mol . wt . , as detd. by 
rifugation and Sephadex chromatog. about equal to that of 
a higher mol. wt. component which enhanced clot 
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After non-glass-contacted serum from guinea pigs or rabbits was incubated 
with washed antigen- ***antibody*** ppt. (formed from ***bovine*** 
***serum*** ***albumin*** and anti- ***bovine*** ***serum*** 

***albumin*** ) , the serum increased vascular permeability upon 
intradermal injection into guinea pigs or rabbits. Part of this property 
of activated serum was due to activation of the kinin system. The 
increased permeability was more pronounced when the incubation was 
conducted in the presence of Na diethyldithiocarbamate and less 
pronounced 

when 5-mg./kg. i.v. or i.p. doses of mepyramine maleate were given to the 
test animals before injection of the activated serum. The presence of 
hexadimethrine bromide (Polybrene), protamine sulfate, EDTA, diiso-Pr 
phosphorof luoridate, or salicylaldoxime in the incubation medium 
decreased 

the permeability-increasing activity of the activated serum. The addn. 

of 

Trasylol (a kallikrein inhibitor) , soybean trypsin inhibitor, or 

. epsilon. -aminocaproic acid to the serum after incubation decreased its 

permeability-increasing activity in the test animals. The activated 



serum 



ileum 



accelerated the clotting of plasma, caused contraction of guinea pig 

and rat uterus, and decreased the blood pressure in rabbits. Antigen- 

***antibody*** aggregates adsorbed permeability-increasing and 
clot-promoting activity when added to normal, but not to Factor 
Xll-deficient, human serum. The increases in blood vessel permeability 



were confined mostly to the dermal venules. 



L54 ANSWER 50 OF 50 CAPLUS COPYRIGHT 2001 ACS 
ACCESSION NUMBER: 1969:85746 CAPLUS 

DOCUMENT NUMBER: 70:85746 

TITLE : Antigen- ***antibody*** activation of macrophage 

enzymes 

AUTHOR(S) : Hayashi, Hideo 

CORPORATE SOURCE: Med. Sen., Kumamoto Univ., Kumamoto, Japan 

SOURCE: Biochem. Acute Allerg. React., Symp. (1968), Meeting 

Date 1967, 141-52. Editor(s): Austen, K. Frank. F. 

A. Davis Co.: Philadelphia, Pa. 

CODEN: 20TVAM 
DOCUMENT TYPE: Conference 
LANGUAGE: English 

AB Omentum cells or peritoneal macrophages cultivated from the omentum or 
the 

sediment of peritoneal fluid of ***bovine*** ***serum*** 

***albumin*** ( ***BSA*** ) -sensitized rabbits were used as the 

purest 

model for the study of an acute allergic reaction. The cells growing in 
culture were those of the histiocytic series and seemed to arise from the 
omentum. They contained antibodies to ***BSA*** of the 7 S and 19 S 
classes; it is as yet unknown whether the antibodies were produced by 
these cells or their precursor cells. The early phase of antigen- 
***antibody*** reaction was characterized by the activation and 

release 

of the SH-dependent protease (Arthus protease) which occurred 
simultaneously with morphological changes in the cell membrane and ground 
cytoplasm of the cells. The delayed phase was characterized by the 
formation and release of the polypeptide inhibitor of the Arthus protease 
which occurred with morphological changes in the mitochondria, Golgi 
bodies, and nuclei of the cells. The anaphylactic release of histamine 
and immediate ***vascular*** ***permeability*** ***factor*** 

seemed assocd. with the activation of the Arthus protease, and their 
release was suppressed by the polypeptide inhibitor. The Arthus protease 
may play an integral part in the cellular mechanism or acute allergic 
reaction. 
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Abstract 

Basic fibroblast growth factor (FGF-2) is an important stimulator of angiogenesis that has been implicated in neoplastic 
progression. Attempts to neutralize or modulate FGF-2 have met with some success in controlling neovascularity and tumor 
growth. In the present study, two peptides: one corresponding to the heparin binding domain and the other to the receptor 
binding domain of FGF-2, exerted dose-dependent inhibition of FGF-2-stimulated human umbilical vein endothelial cell 
proliferation (IC^ = 70 and 20 ug/ml, respectively). The identification of these functional regions suggested that targeting these 
domains might be an approach for the modulation of FGF-2 function. To investigate this possibility, we vaccinated mice with 
either the heparin binding domain peptide or the receptor binding domain peptide of FGF-2 in a liposome/adjuvant format, and 
analyzed the effect of vaccination on FGF-2-driven angiogenesis, tumor development and immune status. Mice vaccinated with 
the heparin binding domain peptide generated a specific antibody response to FGF-2, blocked neovascularization in a gelfoam 
sponge model of angiogenesis, and inhibited experimental metastasis by > 90% in two tumor models: the B16BL6 melanoma and 
the Lewis lung carcinoma. These effects were not observed in mice treated with the receptor binding domain peptide conjugated 
to liposomes or liposomes lacking conjugated peptide. These data suggest that a heparin binding domain peptide of FGF-2, when 
presented to a host in a liposomal adjuvant formulation, can ultimately lead to inhibition of angiogenesis and tumor growth. 
© 2000 Elsevier Science Ltd. All rights reserved. 

Keywords: Vaccine; Heparin binding domain peptide; Anti-FGF-2 



1. Introduction . 

Recent research in the field of angiogenesis has led to 
a current paradigm suggesting that phenotypic changes 
accompanying tumor-associated angiogenesis are medi- 
ated by an. angiogenic switch [1]. In the homeostatic 
state, a balance between inhibitors and stimulators of 
angiogenesis is maintained. In contrast, during neo- 
plasia, there is a shift in this balance toward the angio- 
genic phenotype. This switch can be mediated by either 
an upregulation of endogenous angiogenic stimulators, 
such as FGF-2, vascular endothelial growth factor 
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(VEGF), or interleukin-8 [2-4] or the downregulation 
of angiogenic inhibitors, such as Angiostatin and Endo- 
statin proteins [5-7]. This paradigm further suggests 
that modulation of angiogenic stimulators to homeo- 
static levels during tumor progression could arrest tu- 
mor growth.. 

FGF-2 is a single-chain polypeptide that plays an 
important role in embryonic development, angiogene- 
sis, wound healing and many pathologic processes. 
FGF-2 is mitogenic to a number of cells including 
fibroblasts and endothelial cells. Through utilization of 
a dual receptor system, FGF-2 can induce proliferation 
and migration of these cells. The two-component recep- 
tor system consists of a transmembrane protein tyrosine 
kinase FGF receptor and heparin sulfate proteoglycan 
at the cell surface [2]. Alterations of either the receptor 
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binding domain or the heparin binding domain of 
FGF-2 may abrogate FGF-2 activity. 

Evidence that FGF-2 plays an important role in 
angiogenesis has been shown in a number of experi- 
ments. FGF-2-induced stimulation of angiogenesis in 
vivo has been demonstrated in the corneal eye pocket 
[8,9], the gelatin sponge [10], and the matrigel plug 
assays [11]. Furthermore, a renal carcinoma cell line 
with low metastatic potential transfected with the FGF- 
2 gene was found to express FGF-2, and demonstrated 
increased neovascularization and metastatic potential in 
vivo [12]. Moreover, monoclonal antibodies generated 
against FGF-2 blocked FGF-2-stimulated angiogenesis 
and subcutaneous primary tumor growth [13]. 

With the increasing recognition that the progressive 
growth and development of a primary tumor and 
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Fig. 1. Inhibition of human umbilical vein endothelial cell prolifera- 
tion by FGF-2 peptides. Peptides corresponding to the heparin 
binding domain or the receptor binding domain of FGF-2 were 
applied to HUVECs in the presence of 5 ng/ml FGF-2 in a 72 h 
proliferation assay. Both the heparin binding (O) and the receptor 
binding (□) domain peptides inhibited HUVEC proliferation in a 
dose-dependent manner. Each point represents the mean + one stan- 
dard deviation. This figure is representative of the results obtained in 
three separate experiments. 

Table 1 

Sera from mice vaccinated with either L(HBD), L(RBD), L(LA) or 
PBS were assessed for immunoreactivity to the native FGF-2 
molecule, the heparin binding domain peptide, the receptor binding 
domain peptide, or VEGF by ELISA* 
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FGF-2 


HBD 


RBD 


VEGF 


UHBD) 


1:5000 


1:10000 


<1:100 


<1:100 


MRBD) 


< 1:100 


<l:100 


<1:100 


<1:!00 


MLA) 


<1:100 


< 1:100 


<1:100 


<1:100 


PBS 


< 1:100 


<l:100 


<1:100 
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ft Responses are expressed as the reciprocal of the highest dilution 
that gave areading two standard deviations above the mean O.D. for 
normal mouse serum. 



metastatic lesions is dependent on angiogenesis, consid- 
erable effort has focused on the potential therapeutic 
manipulation of the angiogenic compartment of a tu- 
mor. In this regard, a rationale for targeting a specific 
immune response to appropriate epitopes on the FGF-2 
molecule for the endogenous control of tumor growth 
was developed. Peptides derived from the functional 
domains of FGF-2 were screened for the ability to 
competitively inhibit FGF-2-stimulated proliferation of 
endothelial cells. Peptides that blocked endothelial cell 
proliferation, but not tumor cell proliferation in vitro, 
were selected as target antigens, covalently linked to 
lipid vesicles containing lipid A as an adjuvant, and 
used to vaccinate mice in an attempt to generate a 
specific immune response directed toward the angio- 
genic stimulator, FGF-2. Employing this liposome tech- 
nology, we demonstrate that vaccination of mice with 
the heparin binding domain, but not the receptor bind- 
ing domain, resulted in inhibition of angiogenesis in 
vivo and a marked decrease in the growth and develop- 
ment of two murine tumors in experimental metastasis 
models. Therefore, a reversal of the angiogenic pheno- 
type in malignant cancers might be achieved through 
the inhibition of positive regulators of vascular 
development. 



2. Materials and methods 

2.1. Peptides 

A 44 amino acid peptide corresponding to the hep- 
arin binding domain of FGF-2 (YCKNGGFFLRIH- 
PDGRVDGVREKSDPHIKLQQAEEGVVSIKGV) 
and a 22 residue peptide corresponding to the receptor 
binding domain of FGF-2 (SNN YNTYRSRKYSSWY- 
VALKR) were synthesized by Infinity Technology Inc. 
(Upland, PA). Peptides were hydrated in 10 mM acetic 
acid to a concentration of 10 mg/ml for use in prolifer- 
ation assays and liposome formulations. Both peptides 
were analyzed by high-performance liquid chromatog- 
raphy for purity. The purity of the heparin binding 
domain (HBD) and the receptor binding domain 
(RBD) peptides was 90%. 



22. Celt lines 

Human umbilical vein endothelial cells (HUVECs, 
Clonetics, Walkersville, MD) were maintained in en- 
dothelial cell growth medium (EGM-2; Clonetics), sup- 
plemented with 1% L-glutamine (BioWhittaker, 
Walkersville, MD) and bovine brain extract in 75 cm 2 
cell-culture flasks at 37°C> in moist air, 10% C0 2 . 

The B16BL6 variant line of the B16-F10 melanoma 
was obtained from the National Cancer Institute Cen- 
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Fig. 2. Inhibition of FGF-2-induced angiogcncsis. Gelatin sponges containing FGF-2 were implanted onto the livers of mice ( five mice per group) 
pretreated with the L(HBD), L(RBD), or L(LA). Fourteen days following implantation, sponges were removed and sectioned for histology. 
Hematoxylin and eosin (H&E) staining of sponges from mice treated with L(LA) (a) or L(RBD) (b) revealed cellular infiltration and 
neovascularization. H&E staining of sponges from mice treated with L(HBD) (c) revealed a marked decrease in cellular infiltration and 
neovascularization. This figure is representative of the results obtained in two separate experiments. 
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(c) 

Fig. 3. Inhibition of B16BL6 lumor growth and angiogenesis in hepatic sponge implants. Gelatin sponges containing 5 x 10 4 B16BL6 tumor ceils 
were implanted onto the liver of mice (five mice per group) pretreated with L(HBD), L<RBD), or L(LA). Fourteen days following implantation, 
sponges were removed and sectioned for histology. H&E staining of sponges removed from mice treated with L(LA) (a) or L(RBD) (b) revealed 
B16BL6 tumor growth and neovascularization, while sponges removed from mice treated with L(HBD) (c) contained an abundance of red blood 
cells lacking defined structures surrounding them. This figure is representative of the results obtained in two separate experiments. 
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Fig. 4. Inhibition of the growth of experimental lung metastases. 
Mite (ten mice per group) pretreated with either L(HBD), L(RBD), 
L(LA) or PBS were challenged with 5 x I0 4 B16BL6 tumor cells 
intravenously. Fourteen days following inoculation, mice were sac- 
rificed, lungs removed and surface pulmonary metastases counted 
using a dissecting microscope. Tumor growth was evident in all 
groups assayed. Mice treated with L(HBD) demonstrated 96% inhibi- 
tion of surface pulmonary metastases. This figure is representative of 
the results obtained in five separate experiments. 




0 0.2 0.4 0.6 0.8 



Lung Weight (g) 

Fig. 5. Inhibition of LLC-LM experimental metastases. Mice (five 
mice per group) pretreated with the L(HBD) or L(LA) control were 
challenged with 5 x 10 s LLC-LM tumor cells intravenously. Seven- 
teen days following inoculation, mice were sacrificed, lungs removed 
and lung weight assessed. Mice treated with L(HBD) inhibited the 
development of pulmonary metastases by 95%. For comparison, lung 
weight from an unchallenged (normal) group of mice is included. This 
figure is representative of the results obtained in two separate experi- 
ments. 

tral Repository (Frederick, MD). Tumor cells were 
grown in Dubecco's Modified Eagle's Medium 
(DMEM) (BioWhittaker), supplemented with 5% heat- 
inactivated fetal bovine serum and L-glutamine 
(BioWhittaker), as monolayer cultures at 37°C in a 
humidified atmosphere of 5% CO^SVo air. The cells 
were passaged at 80% confluency and used between 
passages 6 and 18. The B16BL6 were certified free of 
mycoplasma and the following pathogenic murine 
viruses reovirus type 3, pneumonia virus of mice, K 
virus, Theiler's encephalitis virus, Sendai virus, minute 
virus of mice, mouse adenovirus, mouse hepatitis virus, 



lymphocytic choriomenengitis virus, ectromelia virus, 
and lactate dehydrogenase virus. 

The Lewis lung carcinoma-low metastatic (LLC- 
LM) cell line was a kind gift from Dr Judah Folkman 
(Children's Hospital, Boston, MA) and was certified 
free of the same mycoplasma and pathogenic murine 
viruses already mentioned. LLC-LM was maintained in 
DMEM supplemented with 10% heat-inactivated fetal 
bovine serum and 1% L-glutamine. 

2.3. Proliferation assays 

HUVECs at passages two to five were washed with 
phosphate-buffered saline (PBS) and trypsinized with a 

0. 05% solution of trypsin-versene mixture (BioWhit- 
taker). Cells were suspended in endothelial cell basal 
medium, (EBM-2; Clonetics) supplemented with 2% 
heat-inactivated fetal bovine serum (Hyclone, Logan, 
UT) and 2 mM L-glutamine at a concentration of 
2.5 x 10 4 cells/ml, plated in 96-well (100 *d/well) culture 
plates (Costar, Cambridge, MA) and incubated for 24 h 
at 37°C in 5% C0 2 . Cells were incubated with either the 
FGF-2 peptides or a 22 amino acid control peptide at 

1, 10, and 100 jig/ml, or media alone for 20 min. The 
cells were then stimulated with 10 ng/ml human recom- 
binant FGF-2 (R&D Systems, Minneapolis, MN) or 
media alone for 72 h. Cell proliferation was measured 
by BrdU incorporation using an enzyme linked im- 
munosorbent assay (ELISA) (Boehringer Mannheim, 
Indianapolis, IN) according to the manufacturer's 
instructions. 

14. Incorporation of FGF-2 peptides to liposomes 

Multilamelar liposomes were made as previously de- 
scribed [14]. Briefly, liposomes consisting of dimyris- 
toyl-glycero-3-[phospho-rac-(l-glycerol)], dimyristoyl- 
glycero-3-phosphocholine, cholesterol (Avanti Polar 
Lipids, Alabaster, AL), pyridyl dithio-cholesterol (PDS- 
Chol), and lipid A (List Biological Laboratories, Inc. 
Campbell, CA) were prepared in a molar ratio of 
1:9:7.5:1, containing 1 mg/ml Lipid A. Lipids were 
mixed in a round bottom flask and solvent was re- 
moved by rotary evaporation. Multilamellar vesicles 
were prepared by hydrating the dried lipids in 6.4 ml 
sterile water (BioWhittaker) containing 2 mg of either 
the heparin binding domain peptide or the re- 
ceptor binding domain peptide of FGF-2. This step 
allows the peptides to be covalently linked to the PDS- 
chol found in the liposome shell. Liposome formula- 
tions were incubated overnight at room temperature 
(RT) with gentle orbital shaking, lyophilized and resus- 
pended in 2.135 ml of 0.1 M citrate phosphate buffer 
(pH 5.6). Two hundred microliters of respective pep- 
tides were added to each liposome preparation, fol- 
lowed by incubation for 16 h at RT on the orbital 
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shaker. Liposomes were centrifuged at 15 000 rpm for 
30 min at 4°C. The resulting liposome formulation 
therefore contained peptide within the aqueous interior, 
as well as covalently attached to the phospholipid mem- 
brane. Quantitation of peptide associated with the lipo- 
some was assessed by amino acid analysis utilizing 
Edman degradation (MA BioServices, Rockville, MD). 
Total peptide associated with the liposomes was deter- 
mined to be between 75 and 80% incorporation in all 
batches of liposomes. 

2.5. Treatment of mice with liposomes 

Specific pathogen free 5- to 7-week-old C57BL/6J 
male mice were purchased from The Jackson Labora- 
tory (Bar Harbor, ME). Mice were housed in a specific 
pathogen free facility. In conducting the research in this 
report, the investigators adhered to the Guide for Lab- 
oratory Animals and Care of the Institute of Labora- 
tory Animal Resources, National Academy of Sciences, 
National Research Council. Cohorts of mice (five to ten 
mice per group) were treated three times at 2- week 
intervals with liposomes containing either the heparin 
binding domain peptide (L(HBD)) or the receptor bind- 
ing domain peptide (L(RBD)) (0.1 ml, intramuscular). 
The intramuscular route of administration was chosen 
based on previous work that demonstrated induction of 
both a cytotoxic T lymphocyte (CTL) as well as a 
humoral immune response [31]. For injection, lipo- 
somes were resuspended to a final volume of 5 ml with 
nonpyrogenic Mg 2 "*"- and Ca 2 + -free PBS. The pH of 
the final liposome preparation that was administered to 
animals was 7.0. Each liposome injection delivered 1 
umbl phospholipid, 100 ug Lipid A, and 30 ug peptide. 
Control groups include mice treated with liposomes 
lacking conjugated peptide (L(LA)) or mice treated 
with PBS. Thirteen days following the last injection, 
mice were bled from the lateral tail vein and serum was 
collected for analysis of antibody. The following day, 
mice were either challenged with tumor cells intra- 
venously, or challenged with FGF-2 or B16BL6 im- 
pregnated sponges (liver implant). 

2.6. Determination of antibody titer and specificity 

Pooled serum was obtained from mice treated with 
either L(HBD), L(RBD), L(LA), or PBS. Anti-FGF-2- 
specific antibodies were measured by ELISA. Briefly, 
96-well immulon 4 plates (Dynatech, Chantilly, VA) 
were coated with either recombinant FGF-2, the hep- 
arin binding domain peptide of FGF-2, the receptor 
binding domain peptide of FGF-2, or VEGF (50 ul; 2 
ug/ml in 0.2 M carbonate buffer, pH 6.9), incubated 
overnight at 4°C, and blocked with 3% nonfat dry milk 
(Giant Food, Inc.) and 0.05% Tween 20 in PBS (PBS/ 
Tween 20). Plates were washed three times with PBS/ 



Tween 20, and incubated with serial dilutions of 
anti-sera from vaccinated animals in PBS/Tween 20 for 
1 h. Two negative controls were used in this ELISA: 
naive mouse serum, or sera from mice vaccinated with 
liposomal lipid A. In addition, each plate contained a 
series of wells that were not coated with antigen, that 
were subsequently treated with serum and secondary 
antibody. Reactivity of naive mouse sera as well as 
anti-sera from mice vaccinated with liposomal lipid A 
was equivalent to values obtained in wells without 
antigen. Plates were washed and incubated with perox- 
idase-labeled goat anti-mouse imrounoglobin (Ig)G and 
IgM (Kirkegard & Perry, Gaithersburg, MD) for 1 h at 
RT. Following washing, wells were incubated with 
ABTS peroxidase substrate system (K&P). Optical den- 
sity was read at 405 nm. Antibody titer was defined as 
the reciprocal of the serum dilution giving an O.D. 
reading of two standard deviations above the mean 
O.D. for normal mouse serum [15]. 

2. 7. Gelfoam sponge model of angiogenesis 

As previously described [10], gelfoam sponges (Up- 
john, Kalamazoo, MI) were dissected into 5 mm 3 
squares and hydrated in PBS for 24 h at room temper- 
ature. Following hydration, sponges were blotted dry 
on sterile gauze and rehydrated in 80 ul solution con- 
taining FGF-2 (8 ng/ml) and heparin (10 U/ml). 
Gelfoam sponges were incubated for 1 h at 37°C prior 
to implantation onto the livers of mice. 

Mice were anesthetized with metafane and a small 
incision was made on the ventral region of the mouse to 
expose the liver. Gelfoam sponges were fixed onto the 
left lobe of the liver with cyanoacrylate adhesive and 
wounds were closed with surgical staples. Fourteen 
days following implantation, mice were sacrificed, 
sponges were removed from the liver, and fixed in 10% 
buffered formalin for histologic analysis. 

2.8. Experimental pulmonary metastasis models 

B16BL6 tumor cells in exponential growth phase 
were harvested by a short trypsinization (0.25% DIFCO 
trypsin and 0.02% ethylenediamine tetraacetic acid for 
1 min at 37°C), washed and resuspended to 2.5 x 10 s 
cells/ml in Ca 2 + -, Mg 2 + -free PBS. Mice were injected 
with 0.2 ml cell suspension (5 x 10 4 tumor cells/mouse) 
via the lateral tail vein with a 27-gauge needle. Four- 
teen days following inoculation, mice were sacrificed 
and lungs were removed and fixed in formalin. Surface 
pulmonary metastases were counted with a dissecting 
microscope (Olympus, 3X). 

LLC-LM tumor cells in exponential growth phase 
were harvested using a cell scraper, washed and resus- 
pended to 1 x 10 6 cells/ml in Ca 2 + -, Mg^-free PBS. 
Mice were injected with 0.2 ml cell suspension via the 
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lateral tail vein with a 27-gauge needle. Seventeen days 
following inoculation, mice were sacrificed and lungs 
were removed, weighed, and fixed in 10% buffered 
formalin. 

2.9. Histological analysis 

Lungs and gelfoam sponges were fixed in 10% 
buffered formalin. Tissues were embedded in paraffin 
by routine methods, sectioned at 6 urn, and stained 
with hematoxylin and eosin (H&E) by Molecular His- 
tology Labs, Inc. (Gaithersburg, MD). Photomicro- 
graphs were obtained using an Olympus 1X70 
microscope. 

2. 10. Statistical analysis 

Results were analyzed for statistical significance us- 
ing the two-tailed Students' /-test. 

3. Results 

3. 1. Inhibition of endothelial cell proliferation 

Previous studies demonstrated that peptides derived 
from the heparin binding domain of FGF-2 were able 
to specifically inhibit FGF-2-induced proliferation of 
3T3 fibroblasts as well as vascular and capillary en- 
dothelial cells [16]. To further assess the inhibitory 
activity of a 42 amino acid peptide that corresponds to 
the heparin binding domain of FGF-2 (HBD) and to 
analyze an additional functional domain of FGF-2, the 
RBD, these peptides at concentrations of 1, 10, or 100 
ug/ml were coincubated with 5 ng/ml FGF-2 in a 
HUVEC proliferation assay. Addition of FGF-2 alone 
stimulates proliferation of HUVECs in comparison 
with cells incubated without the growth factor. Both 
the HBD and the RBD peptides inhibited FGF-2-in- 
duced proliferation of HUVECs in a dose-dependent 
fashion with inhibitory concentrations (IQo) of 70 and 
20 ng/ml, respectively (Fig. 1). A 22 amino acid control 
peptide corresponding to a defined region of human 
angiostatin had no inhibitory effect on FGF-2-induced 
proliferation of HUVECs. 

3.2. Delivery of the HBD and the RBD in liposome 
vesicles: induction of an antibody response 

The peptides from the two functional domains of 
FGF-2, the HBD and the RBD, were covalently conju- 
gated to and encapsulated in liposome vesicles contain- 
ing the potent adjuvant Lipid A, and used to treat mice 
every 2 weeks for 6 weeks. Each inoculation delivered 1 
umol phospholipid, 100 ug Lipid A, and 30 ug peptide. 
Following treatment, mice were bled and sera were 



pooled* for analysis of serum immunoreactivity to na- 
tive FGF-2, the HBD peptide, and the RBD peptide in 
an ELTSA format. Individual antibody titers were also 
assessed (data not shown). The individual titers were 
not different from pooled titers. Therefore, pooled titers 
were used. Immunoreactivity was measured in mice 
treated with the liposomal formulation containing the 
HBD peptide (L(HBD)) of FGF-2. This antibody re- 
acted against both the HBD peptide and the parent 
FGF-2 molecule, with endpoint titers of 1:10000 and 
1:5000, respectively (Table 1). The major subclass of 
antibody is IgG (data not shown). In contrast, sera 
collected from mice treated with the RBD peptide 
conjugated to liposomes (L(RBD)) or from mice 
treated with liposomes lacking a conjugated peptide 
(L(LA)) did not show immunoreactivity to, the receptor 
binding domain peptide, the heparin binding domain 
peptide or the intact FGF-2 molecule. As expected, all 
mice treated with a liposome preparation containing 
the lipid A adjuvant, developed an antibody titer to 
lipid A (endpoint dilution of serum, 1:30000) (data not 
shown). 

To assess the specificity of the antibody generated in 
response to inoculation of L(HBD), sera from treated 
animals were assayed for immunoreactivity to another 
heparin binding molecule: VEGF. When assayed in an 
ELISA format, serum from L(HBD) treated mice did 
not bind VEGF (Table 1). 

3.3. Inhibition of FGF-2~induced angiogenesis in 
hepatic sponge implants 

Since mice vaccinated with L(HBD) showed im- 
munoreactivity to FGF-2, we assessed whether we 
could effect a functional attribute of exogenous FGF-2. 
FGF-2-impregnated sponges implanted on the liver of 
mice stimulate neovascularization that is readily visual- 
ized after 14 days by histologic analysis. Mice treated 
with the L(HBD) were assessed for anti-angiogenic 
activity using gelatin sponge model of neovasculariza- 
tion [10]. Gelatin sponges containing recombinant hu- 
man FGF-2 were implanted onto the left lobe of the 
liver of mice treated with L(LA), L(HBD), L(RBD) or 
PBS. Fourteen days following implantation, sponges 
were removed, and vascularity and leukocyte infiltra- 
tion were assessed histologically (Fig. 2a-c). Well- 
defined blood vessels containing red blood cells were 
evident in sponges removed from mice treated with 
L(LA) or L(RBD) (Fig. 2a,b, respectively). Moreover, 
there was an abundant cellular infiltration, consisting of 
white blood cells and fibroblasts, into these sponges. In 
contrast, histologic analysis of sponges removed from 
mice treated with the L(HBD) revealed a decreased 
cellular infiltration and a lack of neovascularization 
induced by FGF-2 (Fig. 2c). While red blood cells were 
present in the histologic sections of the sponges taken 
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from mice treated with L(HBD), there was a lack of 
well-defined capillary structures and a marked paucity 
of endothelial cells. 

3.4. Inhibition of B16BL6-induced angiogenesis and 
tumor growth in hepatic sponge implants 

The gelatin sponge model of angiogenesis can also be 
used to evaluate angiogenesis induced by a tumor. 
Gelatin sponges containing 5 x 10 4 B16BL6 melanoma 
cells were implanted onto the livers of mice vaccinated 
with L(LA), L(HBD), L(RBD) or PBS. Fourteen days 
following implantation, the sponges were removed and 
examined histologically. Sponges removed from mice 
treated with L(LA), L(RBD) and PBS contained 
B16BL6 tumor cells (Fig. 3a-c). Neovascularization 
into these sponges was abundant as evidenced by en- 
dothelial cells forming defined capillary structures con- 
taining red blood cells. In contrast, sponges from mice 
treated with L(HBD) had no evidence of neovascular- 
ization and B16BL6 tumor growth was inhibited as 
well. Again, while red blood cells were observed, there 
were no vascular or endothelial structures surrounding 
them. 

3.5. Inhibition of progression of experimental 
metastasis 

To assess the ability of vaccinated mice to inhibit the 
development of tumors in an experimental model of 
metastasis in the lung, we challenged treated mice with 
B16BL6. Fourteen days after intravenous challenge 
with B16BL6, mice were sacrificed, lungs removed and 
surface metastases counted (Fig. 4). Treatment with 
L(HBD) resulted in 96% inhibition of macroscopic 
B16BL6 metastases in the lungs when compared with 
lungs of mice treated with L(LA), L(RBD), or PBS. 
Mice treated with either L(LA), L(RBD), or PBS had 
large melanotic lesions that encompassed the entire 
surface of the lungs. Histologic analysis of lung tissue 
from L(HBD) treated mice revealed few tumors that 
were less than ten cell layers thick. Lungs removed 
from control groups (L(LA) or PBS) contained numer- 
ous melanotic foci greater than ten cell layers thick. 

Confirmation of the anti-tumor effects was achieved 
with a second model of experimental metastatic disease. 
Seventeen days following intravenous challenge with 
LLC-LM, two mice in the control groups succumbed to 
progressive tumor burden, while the remaining control 
mice exhibited labored breathing and decreased mobil- 
ity. All groups were sacrificed on day 17, lungs were 
removed and tumor burden was assessed by measuring 
lung weights. Mice that received L(LA) had a consider- 
able tumor burden confined to the lungs, whereas mice 
treated with L(HBD) exhibited a significant decrease in 
tumor burden (P< 10 s ) (Fig. 5). 



4. Discuss! n 

In this report, a 42-mer peptide corresponding to the 
heparin binding domain of murine FGF-2 was synthe- 
sized and shown to block FGF-2-induced endothelial 
cell proliferation. Treatment of mice with this in- 
hibitory peptide conjugated to liposomes with lipid A 
induced an immune response against FGF-2 and 
blocked the induction of neovascularization by FGF-2 
in a sponge implant model of angiogenesis. Further- 
more, mice vaccinated with L(HBD) and subsequently 
challenged with either a murine melanoma or lewis lung 
carcinoma inhibited tumor growth and development in 
the lung. 

It is now well established that, for progressive tumor 
growth, a shift in the homeostatic balance toward an 
angiogenic phenotype must occur [1]. This switch en- 
tails both an upregulation of endogenous angiogenic 
stimulators, such as the family of fibroblast and vascu- 
lar endothelial growth factors, and a downregulation of 
angiogenic inhibitors that include Angiostatin and En- 
dostatin proteins. This suggests that a reversal of the 
angiogenic phenotype in malignant cancers and cessa- 
tion of tumor growth might be achieved through the 
restoration of the negative regulators of vascular devel- 
opment [17-20]. Such is the rationale behind a number 
of therapeutic approaches currently under evaluation. 
An alternate treatment strategy can be achieved by 
either inhibiting or neutralizing the angiogenic stimula- 
tors. This approach has been validated by work carried 
out with receptor antagonists and monoclonal Ab 
therapies[13]. 

A considerable body of evidence exists in support of 
FGF-2 as a key mediator in the development of the 
angiogenic phenotype. First, levels of FGF-2 in the 
serum of patients with histologic specific cancer have 
been shown to inversely correlate with survival [21-28]. 
Second, transfection of a low metastatic renal car- 
cinoma cell line with the FGF-2 gene resulted in an 
increase in metastatic potential, as compared with mock 
transfectant [12]. Finally, differences in site dependent 
angiogenesis and growth of renal carcinoma cells is due 
to the expression of FGF-2. When human renal car- 
cinoma cells are implanted subcutaneously into nude 
mice, they produce slow-growing, nonmetastatic tumors 
that are not vascularized. In contrast, the implantation 
of the same cells into the kidney of mice yields rapidly 
growing, vascularized tumors. The kidney tumors ex- 
pressed high levels of FGF-2 mRNA and protein com- 
pared with the renal carcinoma cells growing 
subcutaneously [29,30]. 

Our successful attempts to generate an immune re- 
sponse to FGF-2, an endogenous angiogenic stimula- 
tory protein, was the first step toward using this 
treatment strategy to block pathologic angiogenesis. 
Mice vaccinated with the L(HBD) generated a specific 



S.M. Plum et a!./ Vaccine 19 (2001) 1294-1303 



1302 

antibody response measurable by reactivity to both the 
homologous peptide and the native FGF-2 molecule 
(Table 1). The pronounced biological effects observed 
in mice vaccinated with L(HBD) necessitates the exam- 
ination of potential mechanisms of action. In this re- 
gard the generation of Ab in L(HBD)-treated mice 
could target a key mediator of pathologic angiogenesis, 
soluble FGF-2, and subsequently control tumor growth 
through restoration of the homeostatic balance. How- 
ever adoptive transfer of antisera generated in mice 
vacdnated with the L(HBD) was unable to confer 
protection against challenge with B16BL6 (data not 
-shown). The role of antibody in mediating the observed 
anti-angiogenic and antimetastatic effects is currently 
under investigation. Additionally, previous studies em- 
ploying an identical liposome vesicle conjugated to 
peptide report the induction of a cytotoxic T 
lymphocyte response [31,32]. Generation of CTL could 
result in the inhibition of angiogenesis, as well as tumor 
development, by targeting cells that respond to FGF-2. 
The role of cell-mediated immunity in protection 
against tumor challenge is currently being investigated. 

The results presented in this report suggest that 
active immunization to an angiogenic cytokine is a 
valid alternative for cancer therapy that merits further 
investigation. The homology between murine and hu- 
man FGF-2 is high (95% homologous). Moreover, the 
HBD peptide used in the present investigation is com- 
pletely homologous to both murine and human FGF-2. 
Based on this information, the clinical use of this 
vaccine may result in similar anti-angiogenic and anti- 
tumor effects in humans as those observed in preclinical 
murine models. We do retain caution concerning the 
long-term effects of an immune response to a biologi- 
cally important molecule. As a result, we are investigat- 
ing the effects of vaccination on normal wound healing 
responses and reproductive capacity in female mice.^ 

In summary, strategies aimed at restoring the angio- 
genic balance of a progressively growing tumor have 
concentrated on either an upregulation of negative me- 
diators or passive administration of neutralizing anti- 
body to growth factors. The results reported in this 
manuscript offer a novel third approach to the develop- 
ment of a therapy that effectively blocks tumor progres- 
sion and angiogenesis. 
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Different Antitumor Activities of Anti-bFGF Neutralizing 
Antibodies: Heparin-Binding Domain Provides an Inefficient 
Epitope for Neutralization in Vivo 
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Abstract.' Basic fibroblast growth factor (bFGF) plays an 
important role in tumor growth and angiogenesis. To elucidate 
the efficient recognition sites by anti-bFGF neutralizing 
antibodies, we generated two anti-bFGF neutralizing mono- 
clonal IgGl antibodies (mAbs), 2GU and 1E6, recognizing 
different sites, and estimated as binding to the heparin-binding 
and the receptor-binding regions of bFGF, respectively, both of 
which have been shown to be important for its receptor 
interaction. Despite their high in vitro anti-bFGF activity in the 
absence of heparin, 2G11 with in vitro activity in competition 
with heparin, failed to inhibit the in vivo tumor growth ofbFGF- 
producing RPMI4788 cells, though 1E6, showing non-com- 
petition with heparin, exhibited a significant antitumor effect 
These results show that the heparin-binding domain of bFGF 
provides an inefficient epitope for in vivo neutralization of anti- 
bFGF mAb, and anti-bFGF neutralizing mAbs without 
competition against heparin have the potential to show in vivo 
antitumor effects^ 

Basic fibroblast growth factor (bFGF) is one of a family of 
nine FGFs showing a wide spectrum of biological activities 
that include regulation of proliferation, migration and 
differentiation of a variety of cell types (1-3). All the family 
members are characterized by their high affinity for heparin 
and are functional ligands for FGF receptors which have 
intrinsic tyrosine kinase activity (2). It was shown that bFGF 
is isolated from a variety of tissues and cell lines including 
tumor cells (4) and exerts an angiogenic activity in different 
experimental models in vitro and in vivo (5). Therefore, 
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bFGF is thought to play roles in the growth and angiogensis 
of solid tumors. Supporting this, we previously found that the 
tumorigenic and angiogenic potentials of various tumor cell 
lines correlated with the endothelial cell growth-stimulating 
activity due to bFGF, as well as to vascular endothelial growth 
factor (VEGF), all of which were produced by tumor cells 

(6) . Even though bFGF lacks a leader sequence for secretion 

(7) , the data suggest that bFGF is secreted from bFGF- 
producing cells by an alternative secretion pathway and acts 
through its binding to FGF receptors in both an autocrine and 
paracrine manner (8, 9). Several studies have indicated that 
the binding of bFGF to heparan sulfate proteoglycans on the 
cell surface should be important for its binding to FGF 
receptors (10-14) and that the heparin-binding domain of the 
FGF receptor and associated heparan sulfate proteoglycans 
are also essential for the binding of FGFs (15) . 

In several previous studies, monoclonal antibodies and 
polyclonal antibodies to bFGF inhibited in vivo solid tumor 
growth under defined experimental conditions (16-18). On 
the other hand, Dennis and Rifkin (19) reported that anti- 
bFGF rabbit polyclonal antibodies did not affect the in vivo 
solid tumor growth. To increase our understanding of the in 
vitro and in vivo biological action of bFGF, and to evaluate 
the efficient domain for the inhibition of bFGF action, we 
developed two anti-bFGF neutralizing mAbs, 2G11 and 1E6, 
that showed different anti-bFGF activity in the presence of 
heparin in vitro. The solid tumor growth of bFGF-producing 
human colorectal cancer cell line RPMI4788 cells implanted 
s.c. into nude mice has been reported to be inhibited by 
treatment with anti-bFGF neutralizing mAb designated bFM- 
1 (20). Using this solid tumor growth model, we identified 
different in vivo neutralizing activities of these mAbs, which 
may be associated with their different properties in 
competition with heparin. 



Materials and Methods 

Material*. Recombinant human bFGF and aFGF were purchased from 
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UBI (Lake Placid, NY) and R&D Systems (Minneapolis, MN), 
respectively. The conditioned medium of the transformed clone, TC-I 
cells, established by transfection of human hst- 1 cDN A into BALB/c 3T3 
cells (21) was used as a sample having endothelial cell growth- 
stimulating activity of recombinant human HST- 1. Anti-bFGF 
neutralizing monoclonal antibody. 3H3 was purchased from Wako Jun- 
yaku (Osaka, Japan). Rabbit neutralizing polyclonal antibodies to bovine 
bFGF were purchased from R&D Systems; the antibodies cross-reacted 
with human bFGF. Heparin was from Daiichi Pure Chemicals Co., Ltd. 
(Tokyo, Japan), and Microwcll ELISAmate was from KPL, Inc.(ML). 

Animals. Female BALB/c mice and male athymic BALB/c nude mice 
were purchased from the Charles River Breeding Labs.(Tokyo, Japan) 
and the Shizuoka Laboratory Animal Center (Hamamatsu, Japan), 
respectively. 

Cells and culture. Human colon cancer cell line, RPMI4788 (22, 23) , 
was a generous gift from Dr. Akio Hizuta (First Department of Surgery, 
Okayama University Medical School, Okayama, Japan) and was 
maintained in RPMI1640 Medium supplemented with 10% fetal calf 
serum (FCS). To identify the growth factor activity derived from 
RPMI4788 cells, the medium was conditioned from confluent cultured 
cells for 3 days, and the cell extracts from 5 x I0 h cells/ml were prepared 
by sonication. The mouse myeloma P3X63-Ag8.653 cells (American 
Type Culture Collection, Rockville, MO) were maintained in RPM11640 
medium supplemented with 10% FCS and 50 nM 2-mcrcaptoethanol. 
Human umbilical vein endothelial cells (HUVK cells) were purchased 
from Morinaga Institute of Biological Science (Kanagawa, Japan) and 
were cultured in 5% FCS-containing MCDB104 medium (Nissui 
Pharmaceutical Co., Ltd., Tokyo) with addition of \% endothelial cell 
growth supplement solution (Nissui Pharmaceutical Co., Ltd.). 

Generation ofmAbs against bFGF. Female BALB/c mice were injected 
in the hind footpads with 40 ug of bFGF in Freund's complete adjuvant 
and boosted three times at 1-wk intervals by injection into the hind 
footpads with 10 ug of bFGF in saline. Three days after the final booster 
injection, the popliteal lymphocytes were fused with P3X63-Ag8.653 
cells using 45% polyethylene glycol 1500. After selection in medium 
containing hypoxanthinc, aminopterin and thymidine (HAT), culture 
supernatants of hybridomas were screened for anti-bFGF antibody 
activity by investigating the effect on the bFGF-induced HUVE cell 
proliferation, as described in the. cell proliferation assay, and by an 
enzyme-linked immunosorbent assay (ELISA). Positive hybridomas 
were cloned by limiting dilution. These cell lines were implanted i.p. 
into male BALB/c nude mice and anti-bFGF mAbs were purified from 
ascites fluid by caprylic acid and ammonium sulfate precipitation (24) . 

Cell proliferation assay. HUVE cells and RPMI4788 cells (1000 cells/well) 
were plated on 96-wcll flat-bottomed microplates in each culture 
medium. After adhesion of the cells to the plates, various assay 
specimens were added into the culture simultaneously. After 4 days of 
the incubation, the growth of RPMI4788 cells was determined by 
counting the cells with a Coulter counter after trypsinization, and the 
growth of HUVE cells was measured by [ 3-(4,5-dimethyIthiazol-2-yl)- 
2^-diphenyl tetrazolium bromide] (MTT) assay (25). The absorbancc at 
540 nm determined by MTT assay was in good agreement with the 
HUVE cell growth and viability. The neutralizing activities of mAbs 
were expressed as the concentration causing a 50% inhibition of the 
growth of HUVE cells induced by bFGF (G150). 

ELISA. Nunc %-weIl immunoplates (Nunc. Denmark) were coated with 
bFGF (100 ng/well) overnight at 4 *C. The plates were incubated with 
culture supernatants of hybridomas or various doses of purified mAbs, 
and the anti-bFGF antibody-binding to bFGF was detected using horse 
radish peroxidase (HRP)-conjugatcd goat anti-mouse IgG (KPL). The 
HRP reaction was measured by the increase in absorbance at 415 nm. 



The effect of heparin on the binding of mAbs to bFGF was 
determined by sandwich ELISA. Briefly, the plates were coated with 
mAbs (2 ug/well) by incubating them overnight at 4*C Then, the plates 
were incubated with 50 ul of 10 ng/ml of bFGF in the presence of various 
doses of heparin for 2 h at 25 'C. The amounts of bFGF bound to solid- 
phase mAbs were detected by rabbit polyclonal antibodies against bFGF, 
followed by the addition of HRP<onjugated goat anti-rabhit IgG (KPL).' 
The bound HRP activity was measured as described above. 

Treatment for tumor-bearing mice. RPM 14788 cells cultured in vitro ( I x 
10 cells each) were implanted s.c. into groups of 12 nude mice on day 0. 
Appropriate mAbs were i.p. injected at a dose of 800 ug/0.2 ml/head, 1 
day before implantation of the cells and on day 1,5,8, II, 15, 18, 21 and 
25. Tumor volume and body weight were measured twice a week for 29 
days. The tumor volume was calculated using L x W 2 /2, where L and W 
respectively represent the length and the width of the tumor mass, 
measured with a caliper. 



Results 

Characterization of anti-bFGF mAbs. Two anti-bFGF 
immunoneutralizing mAbs, designated 2G1 1 and 1E6, and 
one nonneutralizing mAb, 2C2, were selected by ELISA and 
bioassay using HUVE cells from an original pool of 
hybridoma cultures. All of these mAbs belonged to IgGl 
isotype and showed almost the same binding abilities to bFGF 
on ELISA (Figure 1A). 2G11 and 1E6 inhibited the bFGF- 
induced HUVE cell proliferation in the same dose-dependent 
manner, giving GI50 values of about 0.5 ug/ml, whereas 2C2 
showed no effect even at a concentration of 100 ug/ml (Figure 
IB). These mAbs had no inhibitory effects on the HUVE cell 
proliferation induced by aFGF or HST-1, both of which 
belong to the FGF family. When 2G11 and 1E6 were added 
together to HUVE cells, the neutralizing activity was 
synergistically enhanced with GI50 values of 0.04 ug/ml 
(Figure IB). 

Effects of heparin on the neutralizing and binding abilities of 
anti-bFGF mAbs. To assess whether these mAbs recognize: 
the heparin-binding domain of bFGF, the effects of heparin 
on their neutralizing activity were examined. The bFGF- 
induced HUVE cell proliferation was not affected by the 
addition of 10 fig/ml of heparin, while heparin inhibited the 
proliferation at the GI50 values of 76 ug/mi. Ten ug/ml of 
heparin reduced the neutralizing activity of 2G11, giving more 
than 10-fold increase in GI50 values (Figure 2, Table I). The 
combination inhibitory effect of 2G11 and 1E6 on bFGF- 
induced HUVE cell proliferation was also reduced by heparin 
(Figure 2). On the contrary, the neutralizing activity of 1E6 
was enhanced approximately 3-fold in the presence of 10 
ug/ml of heparin (Figure 2, Table I). 

The effect of heparin on the ability of these mAbs to bind 
to bFGF was then examined by sandwich ELISA. Heparin 
reduced the binding ability of solid-phase 2G11 to bFGF 
dose-dependently from concentrations as low as 2 ug/ml but 
did not affect that of 1E6 even at a concentration of 500 ug/ml 
(Figure 3). 
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Figure 1. Binding activity (A) and neutralizing activity (B) of anti-bFGF mAbs toward bFGF. (A) Each mAb was serially diluted and bound to solid- 
phase bFGF. The HRP reaction measured at 415 nm qualified the binding ability to bFGF of mAbs. (B) HUVE cells were incubated with 1 ng/ml of bFGF 
in the presence of various concentrations of mAbs for 4 days, and the HUVE cell growth was measured by MTT assay. The results are presented as 
percentages of the growth induced by bFGF in the absence of mAbs. Anti-bFGF mAb: 2G 11 (O); 1E6 (O); 2G1 1I1E6 (1:1 mixture of 2G11 and 1E6) (0); 
and2C2(0). 



In vitro effects of anti-bFGF mAbs against RPM14788 The cell 
extract of RPMI4788 cells (5 x 10 6 cells/ml) stimulated the 
growth of HUVE cells in a dose-dependent manner, reaching 
saturation around 10% of the cell extract, but the conditioned 
medium did not (Figure 4A). The apparent reduction of 
growth factor activity for HUVE cells was observed in the 
presence of 20% of the cell extract (Figure 4A). The 
sandwich ELISA for bFGF demonstrated that about 15 ng/5 x 
10 6 cells/ml of bFGF was contained in the cell extracts, but 
less than 0.04 ng/ml of bFGF was found in the conditioned 
medium. Both 2G11 and 1E6 prevented the HUVE cell 
proliferation induced by 10% RPM14788 cell extract with 
complete inhibition at 1 ug/ml of each anti-bFGF mAb, and a 
synergistic inhibitory effect of the combination of these mAbs 
was also observed (Figure 4B). On the other hand, the in 
vitro growth rate of RPM14788 cells was not affected by the 
exogenous addition of bFGF (data not shown), and these 
mAbs did not inhibit the RPMI4788 cell growth even at a 
concentration of 100 ug/ml (Figure 4C). 

In vivo antitumor effects of anti-bFGF mAbs against 
RPMI4788. The administrations of 1E6 significantly 
(p<0.001) inhibited the in vivo solid tumor growth of 
RPMI4788 cells implanted s.c. into nude mice (Figure 5). In 
contrast, the same treatment with 2G11 had almost no 
antitumor effect, similar to that of nonneutralizing anti-bFGF 



mAb, 2C2 (Figure 5). The antitumor effect of the 2G1 1 and 
1E6 combination was almost similar to that of 1E6 alone 
(Figure 5). The body weight of the mice was not affected by 
the administrations of these mAbs. 



Discussion 

Our two generated IgGl isotype mAbs, 2G11 and 1E6, 
showed similar high neutralizing activity toward bFGF- 
induced HUVE cell proliferation in the absence of heparin. 
These mAbs did not affect the HUVE cell proliferation 
induced by the other two FGF family proteins, aFGF and 
HST-1, both of which have highly conserved homologous 
amino acid sequences with bFGF (1). Therefore, the effect of 
these mAbs is to block specifically the biological activity of 
bFGF. The combination of these mAbs exhibited a synergistic 
inhibitory effect on the bFGF-induced HUVE cell 
proliferation, suggesting that they recognize different sites 
essential for the receptor-binding of bFGF. In the presence 
of heparin, these mAbs had different neutralizing and binding 
properties toward bFGF: the addition of heparin reduced the 
activity of 2G11 but not 1E6. The recognition site of 2G11 
might be the same or adjacent to the heparin-binding site of 
bFGF, and heparin should act as a competitor for the binding 
of 2G11 to bFGF. In contrast, the recognition site of 1E6 
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Concentrations of mAbs (jigM) 

Figure 2. Effects of heparin on neutralizing activities of anti-bFGF mAbs, HUVE cells were incubated with 1 ng/ml ofbFGFand various concentrations of 
mAbs in the absence (O) or presence (*) of 10 pgfml heparin for 4 days, and then the HUVE cell growth was measured by MIT assay. The results are 
presented as percentages of the growth induced by bFGF in the absence of mAbs, and each point is the mean of triplicate wells (SE < 5%). 



Table I. Characteristics of anti-bFGF neutralizing mAbs. 

mAbs Neutralizing Reduction of Anti-tumor 

activity 3 * in binding of b) activity'* 

vitro, GI50 (ug/ml) . mAbs to bFGF by in vivo 
heparin(-) heparin(+) heparin 



2G11 0.30 3.53 + 

1E6 0.37 0.14 - + 

bFM- 1 0.03 0.02 - + 

3H3 0.11 0.06 - .+ 

a * The concentration of a mAb required to inhibit half the growth of 
HUVE cells induced by bFGF in the absence (-) or presence (+) of 
10 ug/m heparin: GI50 values for 2G1 1 and 1E6 arc mean values of 
two independent experiments. 

b * Effects of heparin on binding of mAbs to bFGF, determined by 
sandwich ELISA as shown in Figure 3: +, reduced by heparin;-, not 
reduced by heparin. 

c) Effects of mAbr on sold tumor growth in vivo: +, significant 
inhibitory effects present; - , inhibitory effects not present. 



might be present within the receptor-binding site of bFGF, 
where heparin does not compete. For efficient interaction 
between bFGF and its receptor, heparan sulfate prote- 
oglycans on the cell surface have been shown to be essential, 
and it has been reported that the FGF receptor should be a 
ternary complex of heparan sulfate proteoglycan, tyrosine 
kinase transmembrane glycoprotein, and ligand (10-12, 14, 
15). Therefore, both the heparin-binding domain and the 
receptor-binding domain of bFGF must be important for its 

4042 




0.12 1.95 31.25 500 
Heparin (jigfml) 



Figure 3. Effect of heparin on the binding of anti-bFGF mAbs to bFGF. 
The binding of solid-phase anti-bFGF mAbs to bFGF (10 nglmlj* in the 
pnsence of serially diluted heparin, was determined by sandwich ELISA. 
The results are presented as percentages of the binding of mAbs to bFGF in 
the absence of heparin. 



binding to FGF receptors. The synergistic inhibitory effect of 
the combination of 2G11 and 1E6 might be due to their 
different recognition sites, the heparin-binding region and the 
receptor-binding region, respectively. 
In spite of the same high neutralizing activity of 2G11 and 
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Figure 4. HUVE cell-growth stimulating activity derived from RPM14788 cells (A), and effects of anti-bFGF mAbs on the HUVE cell growth induced by 
RFM14788cell extract (B) and on the growth of RPM14788 cells (C). (A. B) HUVE ceU gnrwth induced by cell extract or conditioned medium from 
RPMI4788 cells, in the absence or presence of mAbs, was measured by MTT assay, (C) RPMI4788 cell growth in the presence of mAbs was determined by 
counting the cell number with a Coulter counter. 



1E6 toward bFGF derived from RPMI4788 cells in vitro, the 
in vivo effects of these mAbs on the growth of RPMI4788 
cells were extremely different. The administrations of 2G11 
could not inhibit the solid tumor growth of RPMI4788 cells, 
though the same treatment of 1E6 showed a significant 
antitumor effect. It is considered that the anti-bFGF mAb 
recognizing heparin-binding region, such as 2G11, might 
compete in its binding to bFGF with heparan sulfate and 
heparin existing abundantly in vivo, which should cause a 
decrease in its neutralizing activity in vivo, as observed in the 
in vitro assays for 2G11. Therefore, it is possible that the in 
vivo neutralizing activity of anti-bFGF mAbs is dependent on 
their recognition sites on bFGF, characterized by their 
different responses to heparin. In support of this, we found 
that bFM-1 (20) and 3H3 (18), both of which have been 
reported to inhibit in vivo tumor growth under defined 
experimental conditions, also did not compete with heparin in 
the in vitro assays, as observed for 1E6 (Table I). These 
results suggest that anti-bFGF neutralizing mAbs, recognizing 
a heparin-non-competing region, are able to exert their 
neutralizing activity efficiently in vivo as well as in vitro. 

Dennis and Rifkin (19) reported that their anti-bFGF 
rabbit polyclonal antibodies failed to inhibit in vivo tumor 
growth even in the experiment using the same tumor cells as 
those used by Baird et al (16). The discrepancy between those 
results might be caused by the difference in recognition sites 
of the antibodies used in each experiment: anti-bFGF 
polyclonal antibodies, the majority of which recognize the 
heparin-binding region on bFGF, might have no in vivo 
antitumor effect, as observed for 2G1 1 in our study. 

We found that the neutralization by 1E6 of bFGF activity 
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Figure 5. Effects of anti-bFGF mAbs on the tumor growth of RPM 14788 
cells implanted s.c. into nude mice. RPMI4788 cells ( 1x1 (T cells each), 
cultured in vitro, were implanted sx. into groups of 12 nude mice on day 0. 
Either of each mAb, a mixture oflGU and 1E6 (2GH/1E6) or saline was 
injected into the mice /.p., beginning 1 day before implantation of the cells, 
and on days 1, 5, 8 11. 15, 18, 21 and 25 (800 fig/mouse/day). The tumor 
size was measured with calipers on the indicated days. The points are the 
mean ± SE of 12 mice. 
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derived from RPMI4788 cells resulted in the inhibition of 
their solid tumor growth, consistent with the results obtained 
in the study using the other anti-bFGF mAb, bFM-1 (20), 
which also did not compete with heparin. RPMI4788 cells 
produced bFGF, but did not efficiently secrete it from the 
cells, supported by the observation that bFGF lacks a classical 
signal sequence for secretion (7). Even though the mechanism 
of bFGF release is unclear, the inhibition of the solid tumor 
growth of RPMI4788 cells by treatment with these mAbs 
supports the hypothesis that bFGF is released in vivo and 
plays an important role in solid tumor growth. Because 1E6 
did not show a direct inhibitory effect on in vitro RPMI4788 
cell growth, bFGF produced by them may contribute to the 
induction of angiogenesis in vivo in a paracrine manner, which 
is essential for solid tumor growth (26). 
These two anti-bFGF neutralizing mAbs, 2G11 and 1E6, 
recognizing different sites, heparin and receptor-binding sites, 
respectively, should be potential tools to understand the 
structural and functional relationship of bFGF with its 
receptor and heparan sulfate proteoglycan. Furthermore, 
1E6 which shows neutralizing activity in vitro and in vivo 
should be valuable in determining the role of bFGF in solid 
tumor progression, and may be useful in the therapy of 
angiogenic solid tumors for which bFGF is the major 
angiogenic mediator. In addition, this study also suggests that 
the receptor-binding site of bFGF where heparin does not 
compete may be an effective target of a bFGF inhibitor for 
the prevention of bFGF action in vivo. 
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Production of Basic Fibroblast Growth Factor-like Factor by Cultured Human 
Cholangiocellular Carcinoma Cells 

Kouichi Matsuzaki, 1 Yoshino Yoshitake, 2 Miki Miyagiwa,' Masami Minemura, 1 Michio 
Tanaka, 1 Hiroshi Sasaki 1 and Katsuzo Nishikawa 2,3 

'Third Department of Internal Medicine. Toyama Medical and Pharmaceutical University. 2630 
Sugitani, Toyama 930-01 and ^Department of Biochemistry, Kanazawa Medical University, Uchinada, 
Ishikawa 920-02 



An extract of cultured human cholangiocellular carcinoma cells (HuCC-Tl) was found to contain high 
mitogenic activity for BALB/c3T3 cells. The growth factor eliciting most of the mitogenic activity 
was purified and concluded to be identical with basic fibroblast growth factor (bFGFMike factor on 
the basis of its molecular weight and heparin-Sepharose elution profile* and the results of im- 
munoblotting and radioimmunoassay. HuCC-Tl cells also secreted bFGF-like factor into serum-free 
medium. A combination of insulin and transferrin or bovine serum albumin stimulated the growth of 
HuCC-Tl cells in serum-free medium. However, bFGF did not stimulate their growth in the presence 
and absence of these supplements. Neutralizing monoclonal antibody against bFGF did not inhibit 
growth. These results indicate that bFGF-like factor is not a growth factor for this cell line. 

Key words: Basic fibroblast growth factor — Human cholangiocellular carcinoma 



The development of new capillaries is important in the 
growth of solid tumors. 0 One growth factor stimulating 
tumor angiogenesis is thought to be FGF, 4 which is 
produced by tumor cells. 2, 3) The FGF family are potent 
mitogens for a wide variety of mesoderm- and neu- 
roectoderm-derived cells including endothelial cells and 
have been isolated from a variety of tissue and cell 
sources including tumor cells. 4, 5 * These factors can be 
grouped into two closely related classes, bFGF and 
aFGF. FGF exerts its biological response in vitro through 
high-affinity cell surface receptors. 5 * 

Transformed cells in culture acquire the ability to 
proliferate with little or no exogenous growth factor(s). 6 * 
This phenomenon has been explained by the "autocrine 
hypothesis," which proposes that growth factors pro- 
duced by the transformed cells act on their own cells via 
external receptors. 7, 8) In support of this hypothesis, there 
are some reports that transformed cells secrete growth 
factors stimulating their own growth 9 " 11 * and that specific 
antibodies against these growth factors or growth factor 
receptors inhibit growth of transformed cells. 12 M) 

A serum-free culture system is useful in studies on the 
mechanisms controlling cell growth and the effects of 
growth factors. 13 * We established a human cholangio- 
cellular carcinoma cell line (HuCC-Tl) that can grow in 

3 To whom correspondence and requests for reprints should be 
addressed. 

* Abbreviations used: FGF, fibroblast growth factor; bFGF, 
basic fibroblast growth factor; aFGF, acidic fibroblast growth 
factor; M Ab, monoclonal antibody; BCE cells, bovine capillary 
endothelial cells; BSA, bovine serum albumin; PBS, phosphate- 
buffered saline. 



serum-free medium. 16 * The present paper reports that a 
bFGF-like factor is present in HuCC-Tl cells and is also 
secreted from the cells, but that this factor, or neutraliz- 
ing monoclonal antibody against bFGF that blocks its 
biological activity, does not affect the growth of these 
cells. On the other hand, a combination of insulin and 
transferrin or bovine serum albumin (BSA) stimulated 
the growth of these cells in serum-free medium. 

MATERIALS AND METHODS 

Cells and culture A human cholangiocellular carcinoma 
cell line (HuCC-Tl) was established as described previ- 
ously. 16 * The stock culture was maintained in Coon's 
modified Ham's F12 medium (C-F12) supplemented 
with 15 mM HEPES (pH 7.3), 100 units/ml penicillin, 
100 #g/ml streptomycin and 3% calf serum (CS). The 
BALB/c3T3-3K cell line 17 * was used, for assay of the 
activity of bFGF stimulating DNA synthesis. The cells 
were cultured in Dulbecco's modified Eagle's medium 
(DME) containing 10% CS and all the other supple- 
ments described above. Bovine capillary endothelial 
(BCE) cells were isolated from bovine brain cortex and 
maintained as described by Goetz et al m with slight 
modifications. The cells were cultured in RPMI 1640 
medium supplemented with 10% fetal calf serum (FCS), 
1 ng/ml bFGF and all the other supplements described 
above in dishes that had been coated with type-IV colla- 
gen (Sigma, St. Louis, MO), and were used for growth 
experiments at passages 5-9. All these cells were cultured 
at 37°C in a humidified atmosphere of 5% CQ 2 in air. 



345 



Jpn. J. Cancer Res. 81, April 1990 



Assay of DNA synthesis The activity of bFGF to 
stimulate DNA synthesis of cultured BALB/c3T3-3K 
cells was assayed as described previously. 17, l9) One unit of 
activity was defined as the amount equivalent to 1 mg of 
CS proteins in stimulating the incorporation of [ 3 H]- 
thymidine into DNA. 

Growth experiments BCE cells were plated at a density 
of 2X 10 4 in 5 ml of serum-free C-F12 medium in 60-mm 
Falcon dishes that had been coated with type-IV colla- 
gen. bFGF or test samples were added at the time of 
inoculation and on day 3. After 5 days, the cells were 
harvested by trypsinization and counted in a Coulter 
counter. HuCC-Tl cells were plated at a density of 2X 
10 4 in 5 ml of serum-free C-F12 medium in 60-mm 
Falcon dishes that had been coated with poly-r>lysine. 
Test samples were added only at the time of inoculation 
of the cells. After 5 days, cells were harvested by 
trypsinization and counted in a Coulter counter. Values 
are given as averages for duplicate experiments. 
Purifications of bFGF and aFGF bFGF and aFGF 
were purified from bovine brain by the method of 
Gospodarowicz et a/. 20 * involving ammonium sulfate 
precipitation, and chromatographies on carboxy methyl 
(CM)-Sephadex and heparin-Sepharose. aFGF was fur- 
ther purified by cation-exchange HPLC on a Protein Pak 
G-SP column (8.2X75 mm) (Nihon Waters, Tokyo). 
The fractions eluted from the column with 0.35 A/NaCl/ 
50 mAf sodium phosphate bufTer (pH 6.8)/0.1% 3-[(3- 
cholamidopropy l)dimethylammonio] - 1 - propane sulfo- 
nate (CHAPS), 21,22 * which gave a single protein peak 
with DNA synthesis-stimulating activity, were collected. 
Protein concentrations of FGFs were determined with a 
Bicinchoninic Acid (BCA) kit (Pierce, Rockford, IL) 
with BSA as a standard. 

Analysis of DNA synthesis-stimulating activities in cell 
extract (HuCC-Tl-CE) and conditioned medium 
(HuCC-Tl-CM) of HuCC-Tl cells For analysis of the 
mitogenic activities in HuCC-Tl-CE and HuCC-Tl-CM, 
their elution profiles on heparin affinity chromatography 
were examined. 21 * 23 * Confluent HuCC-Tl cells in 150-mm 
dishes were washed with protein-free C-F12 medium for 
1 day and maintained in 20 ml of the medium for 4 days, 
and then the conditioned medium and cells were col- 
lected. The viability of the cells was more than 99%, as 
assessed by the trypan blue exclusion test. A crude ex- 
tract of 10 7 HuCC-Tl cells in 2 ml of 10 mAf Tris-HCl 
buffer (pH 7.5) and 15 ml of conditioned medium were 
applied to TSK Heparin-5PW HPLC columns (7.5X75 
mm), which had previously been equilibrated with 10 
mAf Tris-HCl (pH 7.5) containing 0.5 A/NaCl and 0.1% 
CHAPS. The columns were washed with 20 ml of the 
buffer and developed with a linear gradient of 0.5-2.0 Af 
NaCl in the same buffer for 1 h at a flow rate of 0.8 ml/ 
min. Fractions of 1.6 ml were collected and aliquots 



were assayed for stimulation of DNA synthesis in 
BALB/c3T3 cells as described above. 
Purification of bFGF-like factor from cell extract 
(HuCC-Tl-CE) and conditioned medium (HuCC-Tl- 
CM) of HuCC-Tl cells A bFGF-like factor from 
HuCC-T 1 -CE was prepared by the methods of 
Schweigerer et a/. 3) and Klagsbrun et al U) with some 
modifications. Briefly, 10 9 HuCC-Tl cells were harvested 
from monolayer cultures by trypsinization. The cells 
were suspended in 100 ml of 2 Af NaCl/10 mAf Tris-HCl 
(pH 7,5) containing 1 //g/ml leupeptin, 400/* Af pepstatin 
(both from The Peptide Institute Inc., Osaka), 1 mAf 
phenylmethylsulfonyl fluoride (Sigma), 1 mM N-ethyl- 
maleimide and 5 mAf EDTA (both from Wako, Osaka). 
The cells were homogenized in a Potter-Elvehjem 
homogenizer for 3 min. The homogenate was centrifuged 
at 27,000^ for 20 min, and the supernatant was dialyzed 
overnight against water to lower the concentration of 
NaCl to below 0.15 Af. The dialyzed HuCC-Tl-CE 
was adjusted to pH 6.0 and applied to a CM-Sephadex 
C-50 column (5X5 cm) (Pharmacia, Uppsala) that 
had been equilibrated with 0.1 Af sodium phosphate 
buffer (pH 6.0). Material was then eluted stepwise with 
0.1 M sodium phosphate buffer containing 0.15 Af and 
0.65 Af NaCl. The material eluted with 0.65 Af NaCl 
was applied to a heparin-Sepharose column (1.4X 5 cm) 
(Pharmacia) that had been equilibrated with 0.65 Af 
NaCl/10 mAf Tris-HCl (pH 7.5)/0.1% CHAPS. The 
column was washed with about 5 column volumes, of 
the same solution, and adsorbed material was then eluted 
with 500 ml of a linear gradient of 0.65-2.0 Af NaCl in 10 
mAf Tris-HCl (pH 7.5)/0.1% CHAPS at a flow rate of 
30 ml/h. Fractions of 10 ml were collected and tested for 
DNA synthesis-stimulating activity. The active fractions 
were combined, dialyzed against water and lyophilized. 
The powder was dissolved in 0.1% BSA/PBS and used 
for assays of biological activities and for immunological 
analyses. All operations were performed at about 4°C. 

A bFGF-like factor from HuCC-Tl-CM was prepared 
by the method of Schweigerer et a/. 3) with some modifica- 
tions. Briefly, HuCC-Tl cells were cultured in 850<;m 2 
Falcon roller bottles with 100 ml of C-F12 containing 
3% CS. After the cells had reached confluency ( 10 8 cells/ 
bottle), they were washed with 100 ml of protein-free 
C-F12 for 1 day, and then the medium was replaced by 
100 ml of fresh protein-free medium every 3 days for 2 
weeks. The conditioned medium was clarified by 
centrifugation at 27,000^ for 20 min and the resulting 
supernatant was stored at — 20°C until use. Two liters of 
the conditioned medium was thawed, adjusted to pH 4.5 
and stirred for 1 h at 4°C. Then it was centrifuged at 
27,000^ for 20 min, and the supernatant was adjusted to 
pH 6.0 and dialyzed overnight against water. After 
centrifugation at 27,000*/ for 20 min, the conditioned 
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medium was mixed with 300 ml of a packed suspension 
of CM-Sephadex C-50 in 0.1 M sodium phosphate buffer 
(pH 6.0). The suspension was stirred for 24 h and then 
poured into a column. The applied material was eluted 
from CM-Sephadex and purified by heparin-Sepharose 
chromatography as described for bFGF from the cell 
extract. 

SDS-PAGE SDS-PAGE was performed by the method 
of Laemmli 25) in 19.5% polyacrylamide slab gel and 
protein bands were located with silver stain. 
Immunoblots Proteins were separated by electrophoresis 
on SDS-12.5% polyacrylamide gel and then transferred 
electrophoretically to a nitrocellulose sheet. The nitrocel- 
lulose sheet was incubated first in blocking buffer (5% 
BSA/PBS) and then for 30 min with MAb against bFGF 
(bFM-2; 10#g/ml) M) diluted with washing buffer (0.1% 
Tween 20/PBS). The sheet was washed 4 times for 4 min 
each time with washing buffer and incubated with 500 
ng/ml of biotinylated rabbit anti-mouse IgG (Vector 
Laboratories, Inc. Burlingame, CA) in PBS for 30 min. 
It was then washed again with washing buffer and in- 
cubated with horseradish peroxidase-avidin conjugate 
according to the manufacturer's instructions (Vector 
Laboratories, Inc.). The sheet was then washed ex- 
tensively with washing buffer and the peroxidase activity 
was located with diaminobenzidine tetrahydrochloride. 
Radioimmunoassay (RI A) Purified bovine bFGF was 
labeled with l25 I by the chloramine-T method and purified 
by heparin-Sepharose affinity chromatography. 26) The re- 
action mixture for RIA (0.5 ml) in a tube (Eiken, 
Tokyo) consisted of 0.35 ml of 0.1 Af sodium phosphate 
buffer (pH 7.4)/0.02% NaN 3 , 0.05 ml of 4 ng/ml ,25 I- 
bFGF (8,000-15,000 cpm) in 0.1% BSA/PBS/0.02% 
NaN 3 , 0.05 ml of unlabeled sample at an appropriate 
concentration in 0.1% BSA/PBS/0.02% NaN 3> and 0.05 
ml of MAb against bFGF (bFM-1; 0.12 /zg/ml) 26) in 
0.1% BSA/PBS/0.02% NaN 3 . After incubation over- 
night at 4°C, 0.1 ml of 1% normal mouse serum in PBS/ 
0.02% NaN 3 and 0. 1 ml of 0.77 mg/ml goat anti-mouse 



immunoglobulins (Dako, Glostrup) were added, and the 
incubation was continued for 4 h at 4°C. After addition 
of 1 ml of 0.2% PEG 6,000 (Nakarai Chemicals, Kyoto) 
the radioactivity bound to the antibody was precipitated 
by centrifugation and counted in an Aloka auto-well 
gamma system (ARC-300). 

Other materials MAbs against bFGF 26) (bFM-1 and 
bFM-2) and hEGF (HA) 27) were obtained as described 
previously. Media and sera were products of Flow Lab. 
Inc., North Ryde, CA. Na 123 I was obtained from the 
Radiochemical Centre, Amersham. Poly-u-lysine, human 
transferrin, defatted BSA and bovine insulin were ob- 
tained from Sigma. 

RESULTS 

Isolation of bFGF-like factor from HuCC-Tl-CE and 

-CM We examined the activities to stimulate DNA 
synthesis in BALB/c3T3 cells of extracts of various 
cultured human tumor cell lines established from tumors 
of digestive organs, including hepatocellular carcinoma, 
pancreatic cancer and cholangiocellular carcinoma. 
HuCC-Tl cells, originating from a cholangiocellular car- 
cinoma, had 3 to 60 times higher activity than the other 
cell lines examined (unpublished result). We then 
attempted to identify the growth factor showing this 
activity in an extract of the HuCC-Tl cells and also in 
conditioned medium obtained by culture of the cells in 
protein-free medium. The conditioned medium collected 
after maintaining 10 7 cells for 4 days in a 150-mm dish 
showed the activity stimulating DNA synthesis in 
BALB/c3T3-3K cells, when 10 }i\ of the conditioned 
medium was added to the medium for the assay. Its 
activity corresponded to 80 units/ml or 1.6 ng of bovine 
bFGF/ml when calculated on the basis of specific activ- 
ity of purified bovine bFGF (5X 10 7 units/mg protein). 
To analyze these activities, we subjected the cell extract 
and the conditioned medium to heparin-5PW HPLC 
column chromatography. As summarized in Table I, the 



Table I. Distribution of Activities to Stimulate DNA Synthesis in BALB/c3T3 Cells in an Extract and 
Conditioned Medium of HuCC-Tl Cells' 0 . 

Activity (unit)/10 7 Distribution on heparin-HPLC (%)* } yield 

cells non-FGF^ aFGF° bFGF 1 (%) 

Conditioned medium 1,600/4 days 0 0 100 43 

Cell extract 4,500 1 0 99 64 

a) Experimental conditions were as described in the text. 

b) The total activity of all fractions was taken as 100%. 

c) Activity in unadsorbed fractions and fractions eluted with a concentration of NaCl of less than 0.5 M. 

d) Activity in fractions eluted with 0.9-1.1 A/NaCl. 

e) Activity in fractions eluted with 1.3-1.5 A/NaCl. 
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Fraction mtmb*r 00 ml /fraction) Fraction number (tOml/fractlon) 

Fig. 1. Heparin-Sepharose affinity chromatography of the growth factor from an extract (A) and conditioned medium (B) 
of HuCC-Tl cells. Experimental conditions were as described in the text. The elution profile after washing the column with 
0.65 A/ NaCl is shown. 



activity in the cell extract was about 3 times that in the 
conditioned medium obtained by culture of confluent 
cells in protein-free medium for 4 days. Almost all the 
activity of both the extract and the conditioned medium 
bound to the heparin column and was eluted with 1.3-1.5 
M NaCl, indicating that the activity was due to a bFGF- 
like factor. 23) The viability of the cells after collection of 
the medium was 99%, as assessed by the trypan blue 
exclusion test, and lysis and detachment of the cells were 
hardly observed during the culture period, indicating 
that the activity in the conditioned medium was not 
released from dead cells but secreted from live cells. 

We purified these growth factors to confirm their 
identity with bFGF. When the cell extract was applied to 
a CM-Sephadex column, most of the activity was ad- 
sorbed on the column, and was eluted with 0.65 MNaCl 
(data not shown). The major active fractions were com- 
bined and applied to a heparin-Sepharose column (Fig. 
1A). One peak of activity was eluted with 1.4-1.6 M 
NaCl. By these steps, 14 fig of bFGF-like factor was 
purified from 10* HuCC-Tl cells with about 30% re- 
covery. 

To purify the FGF-like factor in HuCC-Tl-CM, we 
collected the conditioned medium from roller bottles on 
which HuCC-Tl cells were grown to confluency. The 
activity accumulated in the medium in a 4-day period 
varied from 60 to 80 units/ml. The activity was adsorbed 
on CM-Sephadex and eluted from the column with 0.65 
M NaCl. The major active fractions were combined and 
applied to a heparin-Sepharose column, and one peak of 
the activity, like that from HuCC-Tl-CE, was eluted 
with 1.4-1.6 Af NaCl (Fig. IB). By these steps, 1.5 /zg of 
bFGF-like factor was purified from 2 liters of condi- 
tioned medium with about 20% recovery. 



Characterization of bFGF-like factors We obtained 
two MAbs 26) against bovine bFGF, designated as bFM-1 
and bFM-2, which blocked its biological activity. These 
MAbs were highly specific for bFGF from bovine, 
human and mouse sources, and did not cross-react with 
bovine aFGF. Moreover, we showed that bFM-1 
recognized the conformation of the bFGF molecule nec- 
essary for its biological activity, whereas bFM-2 re- 
cognized the denatured bFGF. The concentration of 
bFGF for half-maximal displacement in RIA with bFM- 
1 was about one-tenth of that with bFM-2. Therefore, we 
assayed the bFGF-like factors using bFM-1. Fig.*2A 
shows that the proteins from HuCC-Tl-CE and -CM 
both competed with radiolabeled bovine bFGF for bind- 
ing to bFM-1 in a dose-dependent manner and that the 
displacement curves with the two bFGF-like factors were 
almost identical to that with purified bovine bFGF, when 
the doses were expressed as activity units. These results 
indicate that the specific activities of these growth factors 
were almost the same. The specific activity of purified 
bovine bFGF was 2.5-5 X 10 7 unit/mg protein, and those 
of the two purified bFGF-like factors were estimated to 
be about the same by determination of the protein con- 
centrations of the samples, although these determinations 
were not accurate because the concentrations of the 
proteins were low. For immunoblot analysis of the 
bFGF-like factors, bFM-2 was used as a probe, because 
bFM-1 did not recognize denatured bFGF transferred to 
a nitrocellulose sheet. The cross-reactivities of the pro- 
teins with bFM-2 were almost the same as that of bovine 
bFGF, but aFGF did not cross-react with the antibody. 
(Fig. 2B). The bFGF-like factor from the cell extract 
migrated as a doublet with apparent Mrs of 19,000 and 
20,000. The factor from the conditioned medium also 
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Fig. 2. (A) Cross-reactivities of bFGF (HuCC-T t-CE) and bFGF (HuCC-Tl-CM) in RIA with MAb against 
bFGF (bFM- 1 ). RIA was carried out as described in the text. Values of B (specific binding of l25 I-labeled bFGF 
in the presence of various concentrations of antigens) divided by Bq (specific binding in the absence of unlabeled 
antigen) are plotted. The amount of bFM-1 added to the reaction mixture (0.5 ml) was 6 ng. The values of Bq 
were 56% of the total tracer added. O, bFGF (bovine); a , bFGF (HuCC-Tl-CE); bFGF (HuCC-Tl-CM). 
Units were determined by assay of DNA synthesis-stimulating activity as described in the text. (B) Immunoblot 
analyses of bFGF (HuCC-Tl-CE) and bFGF (HuCC-Tl-CM) using MAb against bFGF (bFM-2). Experimen- 
tal conditions were as described in the text. Lane a, bovine aFGF (1 #g); lane b, bovine bFGF (1 jig); lane c, 
bFGF (HuCC-Tl-CM) (0.5 //g); lane d, bFGF (HuCC-Tl-CE) (0.5 fig). The following Mr markers from 
Bio-Rad (Richmond, CA) were used: phosphorylase B (Mr, 92,500), BSA (Mr, 66,200), ovalbumin (Mr, 
45,000), carbonic anhydrase (Mr, 31,000), soybean trypsin inhibitor (Mr, 21,500), and lysozyme (Mr, 14,400). 



gave two bands with apparent Mrs of 18,000 (major 
component) and 19,000 (minor component). We also 
examined the bFGF-like factors by means of SDS-PAGE 
and silver staining (Fig. 3). The proteins showed similar 
migration patterns to those seen on immuno-staining, 
although the sample of bFGF-like factor from condi- 
tioned medium gave some additional minor protein 
bands. bFGF was first reported to be a single-chain 
polypeptide composed of 146 amino acids, 28> but later 
some other forms that were truncated ( 131 or 135 amino 
acids) 24 ' 29) or extended (154 or 157 amino acids) 3 * 3I) at 
the amino terminus were also reported. It has been 



Fig. 3. SDS-PAGE of bFGF-like factors from an extract and 
conditioned medium of HuCC-Tl cells. Experimental condi- 
tions were as described in the text Proteins were located with 
silver stain. Lane a, bovine aFGF (1 /zg); lane b, bovine bFGF 
(I /*g); lane c, bFGF (HuCC-Tl-CE) (0.5 /ig); lane d, bFGF 
(HuCC-Tl-CM) (0.5/*g). The Afrmarkers used were the same 
as for Fig. 2. 
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Fig. 4. Effects of bFGF-like factors from an extract and conditioned medium of HuCC-Tl cells in stimulating DNA synthesis 
in BALB/c3T3-3K cells (A) and growth of BCE cells (B). Experimental conditions were as described in the text. The protein 
concentration of bovine bFGF was determined with a BCA kit (Pierce, Illinois) with BSA as a standard, while those of 
bFGF (HuCC-Tl-CE) and bFGF (HuCC-Tl-CM) were estimated from the results of RIA. O, bFGF (bovine); A, bFGF 
(HuCC-Tl-CE); □, bFGF (HuCC-Tl-CM); #. bFGF + MAb (bFM-1) (10/ig/ml); a, bFGF (HuCC-Tl-CE) + MAb 
(bFM-1) (10//g/ml); bFGF (HuCC-Tl-CM) hMAb (bFM-1) (10^g/ml); X, No addition. The thick arrow in (A) 
indicates the activity in the presence of the optimal concentration (1%) of CS. The thick arrow in (B) (Ino.) indicates the 
number of cells inoculated. 



suggested that the ammo-terminal sequence of bFGF is 
apt to be cleaved by protease and that this sequence is not 
necessary for its biological activity. bFGF-like factor 
from the cell extract was purified in the presence of 
several protease inhibitors, but the factor from the condi- 
tioned medium was purified after being incubated in the 
medium probably containing proteolytic activity for a 
few days at 37°C. Therefore, the lower Mr of the factor 
from die conditioned medium than that from the cell 
extract may be due to proteolytic cleavage. 
Biological activities of bFGF-like factors As described 
above, the bFGF-like factors purified from HuCC-Tl- 
CE and -CM were potent mitogens for BALB/c3T3 cells. 
The dose-response curves of the activities to stimulate 
DNA synthesis in BALB/c3T3 cells of the bFGF-like 
factors are shown in comparison with that of bovine 
bFGF in Fig. 4A. The three curves were indistinguish- 
able and indicated half-maximal and maximal effects at 
about 15 pg/ml and about 100 pg/ml, respectively. To 
determine whether these factors had similar mitogenic 
effects on BCE cells, we tested the effects of increasing 
concentrations of these factors and bovine bFGF on 
growth of BCE cells (Fig. 4B). Similar dose-response 
curves were again obtained and indicated half-maximal 



and maximal effects at about 200 pg/ml and 2 ng/ml, 
respectively. These results also support the conclusion 
that the bFGF-like factors from HuCC-Tl-CE and -CM 
are indistinguishable from bFGF. MAb against bFGF 
(bFM-1) inhibited the growth of BCE cells stimulated by 
bFGF or bFGF-like factors from HuCC-Tl-CE or -CM. 
Effects of bFGF-like factors on growth of HuCC-Tl cells 
As reviewed by Barnes and Sato, l3) many kinds of cells 
can grow in serum-free medium supplemented with hor- 
mones, growth factors, and other defined materials. We 
studied the dose-dependences of the effects of some of 
these essential factors on growth of HuCC-Tl cells in 
serum-free C-F12 medium in poly-D-lysine-coated dishes. 
Poly-r>lysine-coated dishes were used extensively and 
growth was faster in these dishes than in uncoated dishes 
(data not shown), as in the case of A431 cells. i2) Table 
II summarizes results on the cell numbers after growth 
with optimal concentrations of these factors for 5 days. 
No growth stimulation was observed when bFGF or 
transferrin was added alone. Addition of insulin or BSA 
alone resulted in slight stimulation of cell growth. A 
combination of insulin and transferrin or BSA stimulated 
growth to nearly that in the presence of an optimal 
concentration (1%) of CS. No growth stimulation was 
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Table II. Effects of Various Additions on Growth of HuCC- 


Tl Cells in Serum-free C-F12 Medium* 0 






% of control 


Addition 0/g/ml) 


cell number 


one 




bFGF (0.003) 


100 


T(10) 


100 


1(10) 


182 


BSA (100) 


155 


T+I (10, 10) 


556 


T+ BSA (10, 100) 


185 


1 + BSA (10, 100) 


686 


I + BSA (1, 10) 


441 


I \ BSA 4 bFGF (1, 10, 0.003) 


433 


T+I 4- BSA (10, 10, 100) 


614 


1% CS 


581 


a) Experimental conditions were as described in the text. 


b) The cells were plated at a density of 2 X 10 4 /dish. The cell 


number after 5 days in the control culture (3. 1-6.0 X 10* cells/ 


dish) without any additions was taken as 100%. T= trans- 


ferrin. I = insulin. 




Table III. Effects of Various Additions 


on Growth of 


HuCC-Tl Cells in Serum-free C-F12 Medium Supplemented 


with Insulin and BSA o) 




Addition (^g/ml) 


% of control 


cell number 


None" 


(100) 


Bovine bFGF (0.003) 


84 


bFGF from HuCC-Tl-CE (0.003) 


108 


bFGF from HuCC-Tl-CM (0.003) 


100 


hEGF (0.1) 


103 


MAb (bFGF) (10) 


161 


MAb (hEGF) (10) 


132 



a) Experimental conditions were as described in the text. 

b) The cells were plated at a density of 2 X lOVdish. The cell 
number after 5 days in the control culture (2. 1-3.6 X 10 3 cells/ 
dish) with 10 jtzg/ml of insulin and 100 /ig/ml of BSA in 
serum-free C-F12 medium was taken as 100%. 



again observed when bFGF was added with sub-optimal 
concentrations of insulin (1 /*g/ml) and BSA (lOjug/ml) 
which resulted in sub-optimal growth stimulation. Addi- 
tion of higher concentrations of bFGF (up to 30 ng/ml) 
did not have any effect (data not shown). Transferrin 
and BSA with and without insulin did not have additive 
effects. 



To determine whether the bFGF-like factors produced 
by HuCC-Tl cells act as an auto-stimulatory factor, we 
examined the effects of these factors and of MAb against 
bFGF (bFM-1) on growth of HuCC-Tl cells in the 
presence of insulin and BSA. Table III summarizes the 
cell numbers at the highest concentrations of these addi- 
tives determined from dose-response curves. The bFGFs 
from bovine brain, HuCC-Tl-CE and -CM did not stim- 
ulate growth, even at concentrations that caused maxi- 
mal growth stimulation of BCE cells as described above. 
We looked for FGF receptor 5) in HuCC-Tl cells with 
l25 I-labeled bFGF and aFGF, but it could not be detected 
even after washing these cells with suramin or sodium 
acetate buffer (pH 4.0) containing 2 Af Nad This result 
seems to be consistent with the lack of effect of bFGF on 
growth of these cells (Table II and Table III). hEGF also 
had no stimulatory effect. Moreover, although the MAb, 
bFM-1, completely inhibited growth of BCE cells at 10 
/zg/ml in the presence and absence of bFGF, 26> it did not 
inhibit, but slightly stimulated the growth of HuCC-Tl 
cells. MAb against hEGF at 10 fig/ml also slightly 
stimulated the growth of HuCC-Tl cells. The reason for 
the stimulatory effects of these IgG, preparations is un- 
known. These results indicate that the bFGF-like factor, 
at least the one that is secreted by HuCC-Tl cells, does 
not act as an autocrine growth factor. 

DISCUSSION 

In the present study, we showed that cultured human 
cholangiocellular carcinoma cells, HuCC-Tl, produced a 
bFGF-like factor that was immunologically indistin- 
guishable from bovine bFGF. We further found that this 
factor was not only associated with the cells, but also was 
secreted into the medium. There is. no leader peptide 
region, which facilitates secretion, in the amino acid 
sequence of bFGF deduced from its cDNA nucleotide 
sequence. 33) Therefore, leaderless bFGF is probably pro- 
duced inside the cells, carried to the cell surface with 
glycosaminoglycan as shown by several reports 34-36 * and 
then released from the extracellular matrix by lysis with 
heparinase-Hke enzyme produced by the cells, 37 * or by 
some unknown mechanism. Neither bFGF nor neutraliz- 
ing MAb against bFGF affected the growth of HuCC-Tl 
cells in serum-free medium, suggesting that this factor in 
the conditioned medium does not act as autocrine growth 
factor. bFGF secreted from the tumor cells may function 
in inducing hyperplasia of adjacent normal tissue and 
angiogenesis and contribute to the development of solid 
tumors. 

Recent studies have shown that three different 
oncogenes, int-2, hst/KS3 and FGF-5, encode FGF- 
homologous proteins. 3 * -40 These three proteins and 
bFGF share considerable amino acid sequence homol- 
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ogy, ranging from 35 to 55% identity in commonly 
aligned regions. However, these oncogene products have 
been found in only certain kinds of tumor cells. On the 
contrary, bFGF has been found in almost all cell lines 
derived from solid tumors examined. 42 * The possibility of 
an autocrine role of bFGF in the growth of tumor cells 
has been suggested from studies on a human embryonal 
rhabdomyosarcoma cell line 3 * and rat primary fibrosar- 
coma cells 43 ': these cells produce bFGF that stimulates 
their own growth. In addition, transformation of cells 
without a requirement of bFGF for their growth has 
been achieved by introduction of bFGF cDNA into NIH 
3T3 cells, 44 * baby hamster kidney-derived (BHK) cells 45 * 
and BALB/c 3T3 cells. 46 * The conditioned media of these 
transformed cell lines producing bFGF was shown to 
contain a growth factor, 3 * 45,46> but the factor was not 
identified 46 * or not quantitated. 3 ' 45 * Moreover, neutraliz- 
ing polyclonal antibody against bFGF was found to 
inhibit growth of one of these transformed cell lines, 46 * 



but not to inhibit growth of other two. 3,45 * Therefore, it 
seems uncertain whether bFGF acts as an autocrine 
factor for bFGF-producing tumor cells. Recently, 
Masuda et a/. 32,47 * showed that human epidermoid carci- 
noma cells, A43 1 cells, secreted a bFGF-like factor into 
protein-free medium, in which the cells grew as well as in 
medium containing serum. They also showed that exoge- 
nous addition of this bFGF-like factor did not affect cell 
growth. 

The present results also suggest that bFGF-like factor 
produced by human cancer cells, HuCC-Tl, is irrelevant 
to the growth of these cells. 
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This study was undertaken to determine whether and 
how advanced glycation end products (AGE), senescent 
macroproteins accumulated in various tissues under hy- 
perglycemic states, cause angiogenesis, the principal 
vascular derangement in diabetic microangiopathy. We 
first prepared AGE-bovine serum albumin (BSA) and 
anti-AGE antiserum using AGE-RNase A. Then AGE-BSA 
was administered to human skin microvascular endo- 
..' thelial cells in culture, and their growth was examined. 
The AGE-BSA, but not nonglycated BSA, was found to 
induce a statistically significant increase in the number 
of viable endothelial cells as well as their synthesis of 
DNA. The increase in DNA synthesis by AGE-BSA was 
abolished by anti-AGE antibodies. AGE-BSA also stimu- 
lated the tube formation of endothelial cells on Matrigel. 
We obtained the following evidence that it is vascular 
endothelial growth factor (VEGF) that mainly mediates 
the angiogenic activities of AGE. (1) Quantitative re- 
' verse transcription-polymerase chain reaction analysis 
of poly(A)t. RNA from microvascular endothelial cells 
revealed that AGE-BSA up-regulated tne levels of 
mRNAs for the secretory forms of VEGF in time- and 
dose-dependent manners, while endothelial cell expres- 
sion of the genes encoding the two VEGF receptors, 
kinase insert domain-containing receptor and fins-like 
tyrosine kinase I, remained unchanged by the AGE 
treatment. Immunoprecipitation analysis revealed that 
AGE-BSA did increase de novo synthesis of VEGF. (2) 
Monoclonal antibody against human VEGF completely 
neutralized both the AGE-induced DNA synthesis and 
tube formation of the endothelial cells. The results sug- 
gest that AGE can elicit angiogenesis through the induc- 
tion of autocrine vascular VEGF, thereby playing an 
active part in the development and progression of dia- 
betic microangiopathies. 



Glucose and other reducing sugars can react nonenzymati- 
cally with the amino groups of proteins to form reversible &chiff 
bases and, then; Amadori products. These early glycation ^prod- 
ucts undergo further complex reactions such as rearrangement, 
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dehydratibnV and condensation to become irreversibly cross- 
linked, heterogeneous fluorescent derivatives termed advanced 
glycation end products (AGE) 1 (1). The formation and accumu- 
lation of AGE in various tissues have been known to progress 
during normal aging and at an extremely accelerated rate in 
diabetes"A^ 

of diabetic fnicro-^and microvascular complications <1>, which 
may account; for 'trie ; , disabilities and, h'igfT mortality, rate in 
patients with thisdiseaW ( 2). . ' : ' .' \ Z t ' 
Micrpvesseis are composed of only two types^of cells,' endo- 
thelial, cells, and pericytes, and have been known jto show both 
functional vand structural abnormalities during prolonged o*ia-:; 
betic exposure, resulting, in: f the. deleterious effects. pn : . the or-, ; 
gans that;:they supply :; < 3-5). Using pericyte-endothelial cell / 
co-culture systems^we: have, shown previously that pericytes - 
can npt ionly regulate the growth but <a!so preserve the proska- . 
cyclin-producing ability and protect against*, lipid peroxide-in- 
duced injury ofendotheiial cells.(6). This has provided a- basis , 
for understanding, hdw- diabetic retinopathy develops coiise-* 
quent to^peVlcyte lbssf theearliest histopatholtfgical hallmark 
in diabetie'retinopathy (5, 7V - i.. i *yr. -/". | ■* 

Kecently^we haye found that AGE exert a growth' inhibitory '* 
effect arid V cell 'type^specifi^ toxicity on pericytes - 

th rough' i h tractions Vitn : thW'rebepW" for-AGE ( RAGEj; a'cell 
surface receptor belonging to the immunoglobulin superfamily 
< 8 >, and have proposed a novel mechanism for j^ncyte'lbsS; ( 9 i 
The AGE4 nduced , 4 RAGE-medfaJ^ decrease in pencyte num-f 
ber would then indirectly cause angiogenesis (6, 9). 

In the ^present Study, we i riyestigate/1 .the effects of 'XGE oh 
the growth and ..tube formation of human skin microvascular 1 
endothelial cells' the, key steps of angiogenesis/ We ; v demon-.^ 
strate that, AGE .'exert angiogenic activities directly ohjinicro- S 

' vascular endothelial cellsiand that autocrine vascular ^endothe- 
lial growth factor ( VEGF i is the major mediator of the AGE- 

d riven angiogenesis. * - - ... 

\ t V.-/ ; EXPERIMENTAL PROCEDURES • . / : '"' ^ 
Materials ^Bovine serum albumin J BSA /was purchased from Boeh- ( ' " 
ringer Mannheim GmbH (Mannheim, Germany)! Bovine pancreatic ^ 
RNase A,* buvine M hcmbglobin iHbK JV '-tosyl-lysine methyl ester- and 1 
phenylrnethylsulfonyl fluoride were from Sigma. Heparin-Sepharose 



1 The abbreviations used are: 'AGE. advanced glycation end products: 
RAGE, receptor for AGE: VEGF. vascular endothelial growth factor,' 
BSA. bovine serum albumin: Hb. hemoglobin; HRP, horseradish perox- 
idase: CM-TsLME. A r,, -tosyl-A f '-carboxymethyllysine methyl ester CM- 
BSA. Af-carboxymethylated BSA: ELISA. enzyme-linked' immunosor- 
bent assay: RT-PCR. reverse transcription-polymerase chain reaction: 
Fit 1,/mx-like tyrosine kinase 1: KDR. kinase insert domain-containing 
receptor: MoAb. m<moclunal antibody: bp. base pairs. 
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CL-4B was from Pharmacia LKB (Uppsala, Sweden). Horseradish per- 
oxidase (HRPVconjugated goat anti-rabbit IgG was from BioMakor 
(Rehovot, Israel). [ 3 HJThymidine and [y. 32 PJATP were from DuPont 
NEN. Reverse transcriptase and T4 polynucleotide kinase were from 
Takara (Kyoto, Japan). Hybond-N* nylon membrane was from Amer- 
sham Corp. (Buckinghamshire, United Kingdom). Matrigel was from 
Collaborative Research (Bedford, MA). 

Preparation of AGEProteins and Amadori Compounds - BSA (frac- 
tion V, fatty acid-free, free endotoxin) was incubated with 0.5 m glucose 
at 37 °C for 6 weeks under sterile conditions in the presence of 1.5 dim 
phenylmethylsulfonyl fluoride, 0.5 mM EDTA, 100. units/ml penicillin, 
and 40 /ig/ml gentamycin (9-11). After unincorporated sugars were 
removed by dialysis against phosphate-buffered saline, glucose-modi- 
fied high molecular weight materials were purified by heparin-Sepha- 
rpse CL-4B column chromatography and used as AGE-BSA. Control 
nonglycated BSA was incubated in the same conditions except for the 
absence of glucose. Hie concentration of AGE-BSA was determined by 
the method of Bradford (12). AGE-RNase A and AGE-Hb were prepared 
according to the method of Makita et al. (13). For reducing AGE-Hb, 
NaBH 4 was employed as described by Horiuchi et al. (14). 1-Deoxy-l- 
propylamino-D-fructose, an Amadori cum pound, was synthesized by the 
method of Micheel and Hagemann (15). AP'-TosyWWboxymethyi- 
lysine methyl ester (CM-TsLME) was synthesized from AT'-tosvMvsine 
methyl ester by. the method of Ahmed et al. (16) with minor modifica- 
tions. W-Carboxymethylated BSA (CM-BSA) was prepared according to 
the method of Reddy et al. (17). 

Preparation of Anti-AGE-RNase A Antiserum - 1 mg of AGE-RNase 
A was emulsified in 50% Freund complete adjuvant and injected intra- 
dermally into rabbits. Two weeks later, a booster with the same amount 
of AGE-RNase A was administered, followed by nine additional booster 
injections, with one given every 2-^ weeks. Ten days after the t final 
injection, the antiserum was obtained. . ^ : \ . 

Enzyme-linked Immunosorbent Assay r^/S^^ In the noncompeti- 
tive EL1SA system, wells of 96-weil microtiter plates were coated with 
. increasing amounts of Hb» AGE-Hb, and reduced AGE-Hb. After wash- ■' 
mg and blocking, the.weils were: incubated with 100 /J of ahti-AGE 
antiserum ( 1:4000) for ; 2 h and then with 100 /xl of HRP-conjugated goat . 
anti-rabbit IgG (1:2000) for 3C min/Finally, 100 u\ of substrate tetra- 
methylbenzidine solution was added into each well After 10-15 min, 
the absorbance at 450 nm was measured. In the' competitive : ELISA 
- system, procedures similar to the noncompetitive EUSA' were used 
except for the following two points. Wells were first coated with reduced 
lOO.ngfaal AGE : Hb solution as absorbent antigens, l arid then 50 M l of 
, test samples were addedas a competitor together with 50!*d of an ti- - 
AGE antiserum (1:2000) into each well. , U t - i ; : r 

Cells- Endothelial cells from human skin microvessels were, main- 
tamed in E-BM medium supplemented with 5% fetal bovine 1 serum, ^ 
0.4% bovine brain extracts, 10 ng/ml human epidermal growth factor, 
an« 1 tL&m\ hydrocortisone according to ^supplier instructions (Clo- 
netics Corp., San Diego, CM Cells at 5-10 passages Were used for the 
experiments. AGE treatment was carried out in a medium lacking 
epidermal growth factor and hydrocortisone. 1 \ v . - 

Measurement of Cell Growth -Endothelial cells cultured for various 
time periods in the presence or absence of AGE-BSA\ were dislodged 
with. trypsin; and counted. by the dye exclusion methodTlS). [ :, HlThy- 
midine incorporation was determined as described previously' (19). For 
determining the effects; of anti-AGE antiserum ^dn. endothelial cell 
™ antiserum was added to the medium at \% (v/v) together 
' ^nil;AGE.BSA, after which cells were moated 

lor £4 h and [ HJthymidine incorporation was measured; 

primers and Probes- Oligonucleotide primers and probes for quan- 
titative reverse transcription-polymerase chain reactions (RT-PCR) 
were synthesized by a Perkin-Elmer 392 DNA synthesizer (Foster City, 
f£ZiJ!Zr t *\?f^ d P^ 0 ^ f20 >. Primer sequences and- 
SS'^r?! 1 ^ 6 :?^ f0F deteCting VEGF./ms-Iike tyrosine 
tlrtn JnL • T ,n8ert do J main - containin S receptor ikdru and 
P-actin mRNA were the same as described in Ref. 20 - ! 

^S^^^^^^' ***** Were i80lated f21> from cells 
££lT£ ^^ 0Ut J AGE - BSA for *• va ™™ time periods and 
m ^rli^t* 3 dCSCTibe f PreVi0US,y (22) - ^ aiiq^ots of each 
^nS?f u ^ re x were electrophoresed on a 2% agarose gel and 
^f, H ^ nd * N * n ? l0n ™ mh ™*> and the membrane was 
hybndized wi h the respective *"P-end.labeIed probes (20) The 

cycles) for amplification were chosen in quantitative ranees wher* 
fl ^l^ pearly, which had beln deCfneTTpig 
s^al intensities as functions of the template amounts and c^e num 
bers (20). Signal intensities of hybridized bands were measured by a 



Lane 1 Lane 2 



110KDa — 



76 KDa — 



53 KDa — , 



,/ j S ^ A Jl* °/ AGE-BSA. 10 Mg of nonglycated 'native BSA* " 
(lane I ) and AGE-BSA ilane 2) were loaded on a 10% polyacrylamide eel 
with a stacking gel of 5% polyacrylamide. Staining of the gel was 
performed with Coomassie Brilliant Blue. Size markers (kDa) are 
shown on the left. 

Fujix BAS 1000 Image analyzer (Fuji Photo Film Co. Ltd., Hamamatsu 
Japan). *-■•*•»-;'.«.'": ■ • f > - ,<•;;;•;:- : ;r' ; ^ 

/ Metabolic Ubeli'ng and Immunbpncipitatim 
ent cultures of endothelial cfclls were incubated in the presence or 
absence of 50 u$/m\ AGE-BSA for 2 h and further incubated for 6 h at ' 
37 'C in methionine-free RPMI 1640 medium/complete RFMI i640> 1 
^^(ftlj'coh'tainingO^ mCi/ml f M S3methioihe'with : W^Aour**- 
AGE-BSArlmmunoprecipitation was carried out as described * pre vi-* > 
ously (20). The samples were analyzed on a 15% SDS-MlyacrVlamide ' ' 
gel under reducing conditions. J t ;\ ■•' - . ' \r[ : v ^ ^ 

Preparationpf Monoclonal Antibody (MoAb) against Human VEGF- } 
Peripheral blood lymphocytes from healthy vbiunteers wereJinmbftak- * 
lzed by Epstein-Barr virus, and the resultant Epstein-Barr vinis-trans- 
formants were screened (23) for 'their ability to produce antiBody^ 
25^5 1? iS? 1 bin ^ to:*° mbi «*«t human VKGF^ (Peprotech; fidclcy ^* 
. HiU. NJ) v The candidate ;cells: were then fused with SHltf-Di^ hu'mari ; ^ 
myeloma cells (American Type^Culture Collection, Rockville, MD) A' * 
cell line that consistently produced an IgM-MoAb reactive to VEGF was ^ > 
cloned and designated BL-2. thenTtHe BL-2 MoAb was purified froni the ' > 
serum-free ( supernatant by 50.% r ammonium sulfate precipitation and by 
f? P 5 ,r££°° ^ chromatography. The specific binding of MoAb— > 
Bl>2 to "VEGF was confirmed by immundblbtting 2 : - ! ' .."*•-'] 

/n r ^o«V l ^ / l ^ ^^Wells* of 24lwell culture cluster dices' ^ 
(Coster 3524, Cambridge; MA) were coated with Matrigel solution (250 
- Ml/well) and then allowed to solidify for at least 1 h at 37 "C (24 25) V 
Endothelial cells (4 x 1Q< cells<well),were then seeded on MatHgef with ^- V 
or wtthout 10 Mg^ml MoAb BL-2/ After 30 min f the wlls^we^ treated ? - : - r;1 
with or withbut 50 /tg/ml AGE-fiSA'for 6 h,'4 microscopic fields selected - • 
at random were photographed, and the lengths of tube^like 1 structures ; - 
were measured with micrwmpufer^assi^ NIH Imag^(VersioiVl .56). : : i 

* ' ., V ■• RESULTS' v ■« ' -'v/'V ' 

Characterization pf AGE:BSA -AGE-BSA Was. prepared by. ' ' 
incubating BSA with glucose and .then' purified by .heparin- - 
Sepharose CL-4B column chromatography. Fig. l\shows its* 
electrophoretic profile on reducing SDS-polyacrylamide ^el ; • 
electrophoresis. Control nonglycated 'BSA' migrated to Wpo- v ' 
sition at 68 kDa. On the other hand; the purified materials 
migrated much more slowly, yielding a broad band large* than ' 
68 kDa. This indicated that covalently linked adducts^were 
formed nonenzymatically on BSA without discernible degrada- ' " 



m ° noc ! on f 1 antibody did not cross-react with, basic fibroblast 
^v^ factor or platelet^lerived growth factor. Its binding to VEGF-B 
li ^ f/50) recently described members of the VEGF family, was 
undetectable and about 1/1000 of that to VEGF, respectivelv. VEGF-B 
and -C proteins were donated from the Ludwig Institute "for Cancer 
Research and University of Helsinki. 
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tion. As shown in Table I, the purified materials also exhibited 
spectrophotometry features characteristic to AGE (26, 27). The 
peak fluorescence was noted at 440 nm with excitation at 370 
nm, and its intensity was increased 10-fold in comparison with 
nonglycated BSA. Chromogen products, also appeared in the 
purified materials, whereas they were barely detectable in 
nonglycated BSA. Based on these observations, the purified 
materials were used as AGE-BSA. 

Characterization of Anti-AGE Antiserum -As a tool to eval- 
uate AGE and their biological effects, an antiserum was raised 



Table I 
. Characterization ofAGE-$SA 
Data represent the mean ± S.E.; of 'three replicate experiments. All 
the-samples were adjusted to a protein concentration of 1.0 mg/ml. 



Fluorescence" 



'Chromogen products* 



AGE-BSA 



arbitrary units ' : • 

i.o ±'o.o •*■■•*• -0.6 ±-o.o 

. 9;9 ± 0.1 ... . 0.11'± 0.0 

" An arbitrary value of 1 was assigned to fluorescence of control BSA 
Fluorescence was measured at excitation of 370 nm and emission of 440 
nm. 



Measured as absorbance at 350 nm/absprbance at 280 nm. 
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against AGE-RNase A. The reactivity of this antiserum to 
several AGE-modified proteins, Amadori compounds, and car- 
boxymethyllysine derivatives was examined. Since it was pos- 
sible that AGE-modified proteins might contain early glycation 
products, the immunoreactivity of the antiserum to reduced 
AGE-Hb was also tested because the early glycation products 
are known to be converted to glucitol-lysine by reduction with 
NaBH 4 ( 14, 28). As shown in Fig. 2A, there was no difference in 
the immunoreactivity in the noncompetitive ELISA between 
AGE-Hb and reduced AGE-Hb. Further, as shown in Fig. 25, 
the antiserum binding to AGE-Hb was not competed for by 
1-deoxy-l-propylamino-D-fructose in the competitive ELISA, 
indicating that the antiserum does not recognize Amadori com- 
pounds. We next tested whether the antiserum reacted to CM- 
TsLME and CM-BSA in the competitive ELISA. As shown in 
Fig. 2, B and C, these glycoxidative products were found to 
partially inhibit the antiserum binding to reduced AGE-Hb, 
whereas AGE-Hb and AGE-RNase A fully inhibited, its bind- 
ing (Fig. 2Z». Further, the antiserum reactivity to AGE-BSA 
was dependent, on the duration of incubation of BSA with 
glucose (Fig. 2El These results suggested that the antiserum 
could recongnize AGE structures common to various AGE 
preparations. 1 -■■•>. o 
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Fit;. 2. Characterization of anti-AGE antiserum. A. antiserum was titered in noncompetitive ELISA using Hb (C». AGE-Hb <•>. and reduced 
AGE-Hb (A) as absorbent antigens, as described under "Experimental Procedures." The amounts of the antigens are indicated onthe abscissa, and 
absorbance at 450 nm is on the ordinate. B D\ antiserum was titered in competitive EUSA Wells were coated with reduced AGE-Hb and then 
various test samples as competitor, and anti-AGE antiserum were added. B. 1 -deoxy- 1 -propy la mi no-D-fructose (•); CM-TsLME (Ol C, CM-BSA 
< >; 8-week incubated AGE-BSA <Oi. D, Hb <0»; 8-week incubated AGE-Hb (•>; 8-week incubated AGE-RNase A <▲>. BSA iCn 4-week incubated 
AGE-BSA ( ); 8-week incubated AGE-BSA (A); 12-week incubated AGE-BSA <B>. The amounts of the competitors are indicated on the abscissa. 
and absorbance at 450 nm is on the ordinate. Simitar results were obtained in two ir dependent experiments. 
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Fig. 3. Effects of AGE-BSA on viable cell number of human 
skin microvascular endothelial cells. 1 x 10? endothelial ceils were 
seeded per well and grown in the presence of 1 {•), 10 (□) or GO (■) 
Mgteil AGE-BSA or in the absence of AGE-BSA (Ok The culture period 
after the addition of AGE-BSA is indicated on the abschsi, and the 
viable cell number is on the ordinate. Each point represents ine mean ± 
S.E. of three replicate experiments. \p*< 0.05; '\p < 0.01, compared 
with the control .value without additives (Student's t test) * 
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AGE-BSA 
Antl-AGE-RNase A| 

• I IU 1; E»ecte of antiseriink a^inst Ab&R]vkse A on tlie AGE- 
induced DNA synthesis in human skin microvascular endothe- 
lial cells. Endothelial cells were treated with antiserum against AGE- 
KNase A in the presence or absence of 50 /ig/ml AGE-BSA After 
incubation for 24 h, f HIthymidine was added, and then its incorpora- 
tion into the cells; was assayed:- The percentage of f'Hlthymidine.incor- 
poration is indicated on the, ordinate and related to the value for the 
control with no,add^tives. Each co/i/mn. represents the mean >± SE of 
four rep hca^expe^^^ < aoi, compared with the 

value with 5.0. Mg/ml. AGE-BSA^ P 6 



Stimulation of the Growth of Microvascular Endothelial 
Cells by AGE -Endothem cells obtained from: human skin 
microvessels were cultured in the presence or absence of AGE- 
- r BSA, and the viable cell number wgs determined at daysl, 2, 
and 3 after the AGE addition. As shown in Fig. 3, AGE-BSA 
was found to increase the viable microvascular endothelial cell 
number in a dose-dependent manner; at 50 /ig/ml AGE, there 
was about a 40% increase in viable cell number. Moreover, 
AGE-BSA significantly increased DNA synthesis in microvas- 
cular; endothelial cells to 130% (p"< 0.0t t Fig. 4). However 
nonglycated BSA induced no change in either the cell number 
or DNA synthesis. . j 

Neutralization of the AGE-induced DNA Synthesis byAnti- 
AGE Antibody -To evaluate the specificity of the AGE-BSA 
effect on endothelial cell growth, we examined the effects of the 
antiserum against AGE-RNase A oh AGE-induced DNA-syn- 
v thesis. As shown in Fig. 4, the anttAGE.RNase A antiserum 
was found to completely neutralize the AGE-induced synthesis 
of endothelial cell DNA at 1%, whitethe same. concentration of 
the antiserum did not affect DNA sjmthesis in endothelial cells 
* not exposed to AGE-BSA. 
^Microvascular Endothelial Cells Express mRNA for Secretory 
Forms of VEGF* in Response to AG£-PoIyfA) + RNAs were 
isolated from microvascular endothelial cells treated with var- : 
urns concentrations of AGE-BSA for.various time periods, and 
T¥ r ^ uan _ titative R T-PCR technique to determined 
effects of AGE on the expression of the VEGF gene. It has been 
reported that there are four alternatively spliced products from 

^Vp^nfr^^f ™™im> ^GF 189 ,Tnd 
VEGF 206 (29, 30). Since Northern blot analysis cannot clearly . 
discnmmate^e four mRNA species, we employed a more 
sensitive RT-PCR techniques described previously (20). In ' 
this experiment, 486- and 618-base pairs (bpMong cDNA prod- 
ucts would be amplifi ied from mRNAs for VEGF./and 
v *>w i65> respectively (20). 



• As shoivn in ,Fig.' 5, A and B, microvascular endothelial cells' 
; were expressing mRNAs for VEGF^and VEGF,^, the secret 
tory forms of VEGF. When the endothelial cells were exposed t». 

- AGE-BSA, the level of VEGF mRNAs was found to be signiri^ 
J cantly increased . in a tihiei and dose-dependent mariner. The 

\' ; VEGF; mRNA.. level began to. increase a't'2 h,; and reached a ' 
. maximum at £ h in the presence of 50 /ig/ml AGE-BSA- the* 
y- peak value;was.3-fold Higher than' the basal level" when'stend-- 
; ardized with the si^al jntensities'of /j-actin mRNA^'as an' 
' internal control. Majdmalitimuiatioii was achieved at 50-10& V 
/ig/ml AGE. Hw^^.therli^^alt^UV^ spKeadprWcis^ 
, coding for ^VEGF^and VEGF^ were not detected in 'micro-"' 
• v f s ™ ,ar end »thelial cells regardless . of the presence or absence 
'.; of AGE-BSA. . . . V" : " :• ' \ '', »I ■ ^ 
v^J^^^^rAPE-BSA increased .the synthesis of ' 
,, VEGF proteins, we:perfprmed immundprecipitation using the 1 

■ anti-VEGF monoclonal antibody (20) from Iysates of the cells'- 

- i 8t had 3^ t-™?*^, with/or without AGE-B;SA. As shown in" 
f f«- - 5 f ! ' S -l ab ?H proteins that migrated to the positions of" 

18 and 22 kDa, corresponding to,VEGFi ; 2I andpYEGF 16s re- ' 
spectiyely , w^re ii^u^^pita^.an^tte'amoimts of these' ^ 
' ^ ,ns were,found,.tp be increased to' about 2.5-fold by the 
AGE treatment'. , ' I ■" . , " ' ' r ' '•' '•- ; - •• *• 

vA^^f^S^^^?n' in Microvascular,. Endothelial 

■ Cells-VEGF exerts ; its biological actions WroiigK its specific" 

tlienietermined'the 
> types ol VEGF receptors expressed.in microvascular endothe- 
™™ and whether their expressions could be altered by 
AGE-BSA. As shower, Fig,5B; both kdr and fit 1. mRNA were 
t$*£Si ^i cro y«??ularendotheliai cells, and the content of 
, Mr mRNA, was niore abundant than that of fit "l mRNA In 
contrast to VEGF mRNAs, the levels of the two types of recep- 
tors were essentially ; unchanged by the exposure to AGE-BSA 
Neutralization of the AGE-induced DNA Synthesis of 'Mi- 
%™ U n S^lial Cells by MoAb against Human 
VHUF-Vte next investigated whether vascular VEGF may 
have a functional role in the AGE action on endothelial cells 
Microvascular endothelial cells were preincubated with various 
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' v; £k;; 5. Expression of VEGF and its receptor genes in micro- 
vascular endothelial cells. A; time course of VEGF mRNA induction 
. b/AGE^Endoth'elial cells were treated with 50 ng/m\ AGE, and then 30 

Vngtof polyfAj' RNXs_ were -transcribed and amplified by PC R at the 
indicated times. B, dose- response of VEGF mRNA induction By AGE. 
Endothelial cells .were incubated for 4 h with the indicated concentra- 
tions '. of AG E v > nd / then 30 ■ ng of poly( A > v , RNAs - were amplified by 

. RT-PCR. Lower panels show expression of VEGF receptor genes. 30 ng, 
^of polytA)' RNAs from endothelial cells treated with the various con- 

• centratiohs.pf AGE were reverse transcribed, and PCR was performed 

\fpr';25; cycles. The\ PCR products 'were electrophoresed on 2% ^agarose 
gel, transferred onto nylon. membranes, and hybridized with* i^P-end- 
labeled probes. PCR amplification for 0-actin mRNA was performed for 

. 20'cyclcs. Size markers (op) are shown on the left. C, VEGF synthesis in 

"AGE-treated and untreated endothelial cells. Immunoprecipitation was 
carried but- as. described under "Experimental Procedures." Immunore- 
.acted materials that had been prepared from 8.0 x 10 fi dpm of lysates 
iwere elec'trophoresed^on a 15% SDS-pplyacryJamide gel under reducing 
conditions. The gel was dried and autoradiographed. The radioactivities 
of the bands were measured with a Fujix BAS 1000 Bio I mage analyzer. 

r Specific immunoprecipitates were marked at 22 and 18 kDa. Similar 
results were obtained in two independent experiments.' ; * 

concentrations of MoAb BL-2 for 30 min, then exposed to 50 
Mg/ml AGE-BSA for 24 h in the presence of the antibody, and 
assayed for I [thymidine incorporation. As shown in Fig. 6, 



(pa/ml) 

Fig. 6f Effects of antibody against VEGF (BI>2) on the AGE- 
induced DNA synthesis. Endothelial cells were- preincubated with 
the various concentrations of BL-2 for 30 min and then treated with or 
without- 50 Mg/ml AGE for 24 h. The percentage of [ 3 Hlthymidine 
incorporation is indicated on the ordinate. Each column represents the 
mean values of four replicate experiments. Bars show S.E. ";p < 0.05, 
compared with the values obtained in the presence of AGE alone (Stu- 
dent's t test). a ; - ) 

MoAb;pi>2 was found to significantly diminish the AGE-in- 
duced increase' in" DNA synthesis in a dose-dependent manner, 
at 10Vig/mi, a complete reversal was obtained. The MoAb alone 
did not. affect DNA'syn thesis in. endothelial cells not exposed to 
'AGE; \ f/- : ^^^J^ V : M*\ -V- • : * J.v. 

AGE ' Induction of Tube*F6rmdtion of Microvascular Endo- 
. thelial Cells find' ha Inhibition by Anti- VEGF MoAb ^~ The proc-., 
ess ;o£ anagenesis has been assumed to be completed by the 
formation of microvascular tubes (19), in vitro assays for tube 
formation of endothelial cells have been developed and used to 
study this crucial step of angibgeriesS. Accordingly, we exam- 
ined whether AGE affect i/Tu^ of microvas- 
cular endothelial cells. ForW8:^wj&exnplo,3^7an'on-ge] assay 
systej^ using Matrigel, in ;wnich^eh^btheiiai cells take only 
several Hours to associate with eacn together and form micro- 
tubes>fyi^ on Matrigel . ; ' 
with or without AGE-BSX were, judged \'\ 
after e^.^As^showh in Fig! 7A, AGEj-BSA was found to double 
the length' of tHe tubes of endothelial cells formed on Matrigel; 
arid, the 1 AGE-induced tube formation was ; inhibit by BL-2 
MoAb. as ; was the AGE-induced DNA synthesis of endothelial 
cells. The MoAbperse did not affect the tube formation.- Fig. IB 
showsi.typical micrographs; with 10/ig/ml BI>2 MoAb; AGE- - 
induced tube formation was markedly, inhibited. }' \. 

In the present study, we have demonstrated for the first time 
that AGE, nonenzymatically glycated protein derivatives * 
formed.under hyperglycemia, . stimulate the growth and tube' 
formation of human microvascular endothelial cells, the key 
steps of angiogenesis which take place in this very cell type (33, 
34). The present findings have extended our preliminary work 
employirig^eridothelial cells from a larger vessel; i.e. the umbil- 
ical vein. Though modestly, AGE-BSA caused a consistent in- 
crease in cell number and in DNA synthesis of both umbilical 
and microvasular endothelial cells, the same AGE-BSA concen- 
tration ' 50 ug/ml) giving the maximal effect in both cases (35). 
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tiw^w^Ml^ T^f ^ EG !.?H> on the AGE-induced tube formation in endothelial cells. endothelial cells were 
treated with or without 10 Mg/ml antibody and then incubated in the presence or absence of 50 y,g/ml AGE for 6 h Each four field* setected Z 



This concentration of AGE was comparable wi tH~ that ;.of the "in 
vivo situation in , diabetes; . Makita et al; reported (13 ) that 
.human serum AGE levels were elevated more than 2-fold in 
diabetic patients (about 25 /ig/ml) and almpst^fold in diabetic 
patients on hemodialysis (about 80 /ig/ml) in comparison with 
"that in normai patients. * ; : 

That it was AGE moieties that elicited the angiogenic ■.activ- 
ity was evidenced as follows..- First, the AGE- BSA employed 
exhibited the biochemical hallmarks of AGE (Fig. 1. and Table 
- V- li. Second; controLnonglycated BSA made rib change idata not 
.shown). Third, a newly developed antiserum, against AGE- 
' RNase A could neutralize the growth -promoting effect of AGE- 
V,- BSA (Fig. 4): Although this antiserum was pakialiy Veactive io 
- carboxymethyllysine-, it would seem u n like ly ■ that 'the AGE 
effect could be accounted for by such glycoxida'tiye bipro^ucts qf 
^ the Maillird reaction - which might be present : ujTtrace amounts 
^ in . tf l s ^f?? . BSA preparation, because ' auth^nVic!.']catboxyr 
"-methylated^BSA added to the culture medium^aV cVhceritra- 
r tidns from i to'lOOMg^ml failed to stimulate the^ndotheli'ai cell 
v synthesis of DNA (data not shown*. We speculate that the AGE 
" actions on microvascular endothelial cells may 'r«quire%eii: ' 
/ binding to RAGE, the AGE-specific receptor, as is the caselWith 

• bovine retinal' pericytes (9), human umbilicar *veinVnd^ 
; cells (35), and human pancreatic cancer cells'(36). ; " V ; 7 

: The presentstiidy has^also demonstrated thatthi'an^ibgenic 
;. activity of AGE is mainly mediated by autocrine VEGFsynthe- 
. sized, -by. micrcovascular endothelial cells per se. : mRNAs for 

VEGF 121 and.VEGF 16fl l are present in microvascuiar ehdothe- 

• halrcell?, and their levels are up-regulated « by ; AGE in both 
> dose- and time^dependent manners (Fig. 5, A arid fij. AGE did 
. increase de novo synthesis of VEGF in endothelial cells (Fig 

5C). mRNAs for the two VEGF receptors, kdr md fit I, were 
also detected in human skin microvascular endothelial cells 
their relative abundance being kdr » fit 1. -However, their 
levels were essentially unaltered when exposed' to AGE (Fig 
; SB). This suggests that the ligand expression .should be the 
rate-limiting step in the putative autocrine action of VEGF. In 
effect, the neutralization experiments established the func- 
tional role of VEGF in the AGE-induced endothelial cell growth 
and tube formation; MoAb against human VEGF could com- 
pletely inhibit the AGE-induced tube formation as well as the 
synthesis of microvascular endothelial culls (Figs. 6 and 



; 1). Since the basal fe^owtK br tube'fprn^ 
was not affected by the same concentration of the anSbod^ the 
antibody-induced inhibition is not likely the result of i^ tqxic oi* 
3 nonspecific effects, these results' thus' indicate tha£a;utonne 
j VEGF is the 1 main mediator of the AG^-driven an^ngenesis Vfj 
't'vitrb. ' " : "" " ■' ' ■'■.■■'"--.*"*.• -* ...... /• ; 

In light of the present findings*/ together ''with^he^r^'viius^ 
observations, we can now^posif an^overall schem^'concermrig 
% the roles of AGE in the development of diabetic mi cruangiopti- 
^ thy (Fig. 8). First^ AGE act on pericytes; the . microvascular 
^constituent that- encircled the endothelium; Through^ in terac- 
itiqns witH RAGE/ AGE decrease the number of iftW^eil V typ€ / 
;^ (9), leading to pericyte dropoutj which would in tUrnVreiiev^the 
^restriction, on endqtKejjariEell replication' and facilitate; aiigio). 
lSfn^,.Ttie'^su\Unt' cessation of pericyte-elhkotheliai' ceih 
.A ^^^^^w^W'jmpair prostacyclin' production V(6), whi'cfi 

would cause, ihrombpgenesis. Second, AGE act on endothelial/ 
^ eel l Sj , which sei^e^ and ! 

« Parenchyma and ^ 

. shown in this paper, 1 one' consequence is angiogenesifs that is : 
: P^ably^dia^^ 
? j tacyclin-synthesizin^ 

«>ight be ; ,drr^ly mXibitedL'by AQE.las' in'umbilical'ieHdotheii^r "* 
^cens (35),:Again^ trie consequence o(this would be thrbmbogen- 
Jesis: Dimimshed circulation or micrpthrombus formatiorV may' 
: occur in such lesibnsi giving rise; to;hy poxia, ; the major ;fictor r 
I triggering YEGF expression in ftth endothelial, cells ahd perit :. 
* cytes"(2Q, ■ 37M0 ). .Hsuch circiimstances,^ ^an^o^nesiW^woulir' ' 
further proceed, which may, eventuallyMead to :tne clinical'ex- = : 
, pression of diabetic microangiopathies; exemplihed t by irplifer^ . 
, ative retinopathy. According to this model, procedbres that can 
' halt those events, e g. inhibition of AGE formation^ AGE ab- 
sorption by immobilized antibodies, antiserise RAGE- DNA (35, 
,;36), prostacyclin analogues, or anti-VEGF neutralizing anti- 
bodies would. then theoretically, help circumvent theidevelop- . - 
ment and progression of diabetic microangiopathies!* \ 1 

Although this view basically stands, on the in vitm experi- 
ments, m. support are, several in vivo or blinica! observations/ 1 



J^ 0 ^ °J/ '51 'have recently developed a novel class of inhibitors of 
AGE formation, which are distinct from aminoguanidine in both struc- 
ture and mode of action. 
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r P°ssjWe mechanism of the development of diabetic microangiopathy. AGE, advanced glycation end products; i*AG£, a receptor 

*>^Sri,»^ ' vascular endothelial ['growth factor: ^ Concerning (1) pericyte-endothelial cell interactions; (2) AGE effort; on pericytes, <3) 
AGE-RAGE interaction in umbilical vein endothelial cells, arid:(4) hypoxia induction of vascular A^EGF, refer to (1J Refs 6'ahcPi8\2) Ref 9~(3) 
Ref. 35,' and (4) Ref 20, respectively. * ■ ; ' " , : - l \ ' * , ■■ .*.••**-* , / . .."-.*'.''. * ' 



Harnrr.cs et at (41, 42) reported that arninoguanidine. an in- 
hibitor of AGE formation, prevented AGE accumulation at 
branching sites of precapillary arterioles and that this inhibitor 
could diminish pericyte dropout and inhibit abnormal endothe- 
lial cell proliferation in streptozbtocin : induced^diabetic rats. 
Ddlhofer-Bliesener e/.a7;.(43) have shown that, in human dia- 
betic subjects, the serum, level of AGE . was associated with the 
state of late complications, particularlyHn .^cases'.with retinop- 
athy.;,Wautier et ql. (44) reported that' infusion, of diabfeti red 
blood. cells; into normal rats can induce vascular .hyperperme- 
ability^ whicK was completely JnhibitedLby anti-RAGE, IgG; 
they^also demonstrated that an an tioxidant, probucol, can sim- 
ilarly .reverse ..the red bipod cell transfer-induced vascular per- 
meability , suggesting a role of AGE-RAGE interactions and the, 
< involvement of an oxidant stress-sensitive- pathway in' the de- 
velopment of hyperpermeability. Recent clinical studies at dif- 
ferent institutions have established that_ intraocular ''concentre- - 
' tions of VEGF/cbrrelated with active; neovascularization (45, 
v 4^/FurtheriUhe increased perrneability^of retinal capillaries 
and the: breakdown of the bloodrretinal; barrier hayje been 
shown to be as an early event, in both] human diabetic subjects 
and strep tozotocin diabetic rats followeld . byi new, vessel! forma- 
tion (47; ,48): The barrier breakdown -would help ensure peri- 
cyte access to- AGE. Moreover, it Is .reported that the barrier 
breakdown could be "protected by the treatment of aminogua- 
nidine, -suggesting that AGE themselves, may be directly in- 
volved in the barrier breakdown (48). r . v / ! 
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IMMUNOHISTOCHEMICAL LOCALIZATION IN THE RAT 
BRAIN OF AN EPITOPE CORRESPONDING TO THE 
FIBROBLAST GROWTH FACTOR RECEPTOR- 1 



A. MATSUO,* I. TOOYAMA,t S. ISOBE,t Y. OOMURA,§ I. AltlGUCHI,* K. HANAI,f J. KlMURA* 

and H. KimuraH 
♦Department of Neurology, Kyoto University, Kyoto, Japan 
tlnstitute of Molecular Neurobiology, Shiga University of Medical Science, Otsu, Japan 
^Institute of Wakanyaku, Toyama Medical and Pharmaceutical University, Toyama, Japan 
§Nipponzoki Institute of Bioactive Science, Hyogo, Japan 

Abstract— The localization of fibroblast growth factor receptor- 1 was investigated in rat brain by 
immunohistochemistry using a polyclonal antibody against an acidic peptide sequence of chicken 
fibroblast growth factor receptor- 1. For raising the antisera in rabbits, we synthesized the oligopeptide 
EDDDDEDDSSSEEKEAD which is a highly acidic region of chicken fibroblast growth factor receptor-1. 
The oligopeptide was used as a haptenic antigen by conjugating with poly-L-glutamate as a carrier protein. 
On immunospot assay, the best antiserum was capable of detecting 15.7 pmols of both the chicken and 
its analogous human oligopeptides but failed to react even with up to 1 nmol of poly-L-glutamate. When 
rat brain homogenate was examined by Western blots, the antiserum revealed two bands with molecular 
weights of 145,000 and 75,000 corresponding to known sizes of the membrane-bound and secreted forms 
of the rat receptor, respectively. Immunohistochemistry in rat brain demonstrated that putative fibroblast 
growth factor receptor-1 immunoreactivity sites were present mainly in neurons but also in tanycytes and 
ependymal cells. Positive neurons were distributed widely in various brain regions, but were particularly 
abundant in such regions as the lateral hypothalamus, substantia nigra, locus coeruleus and raphe 
nuclei. The present study suggests that fibroblast growth factor receptor-1 is expressed preferentially in 
certain neuronal systems that appear to be under the influence of fibroblast growth factors in the normal 
brain. The result should facilitate study of the functional significance of fibroblast growth factors in these 
brain neurons. 



Fibroblast growth factor (FGF) was originally re- 
ported as a growth factor which promotes the pro- 
liferation of mesodermal tissue. 15 It is now well 
established, however, that FGFs comprise a family of 
polypeptides that exhibit mitogenic activity toward a 
wide variety of not only mesodermal but also 
neuroectodermal cells. 4 Acidic FGF (aFGF) and 
basic FGF (bFGF) were the first members of this 
family that were purified and characterized. Since 
both FGFs are richly present in the brain, 28,38,41,50 
they may have important physiological roles in brain 
function. 

FGFs have been thought to exert their biological 
activities through interaction with specific cell surface 
receptors in responsive cells. In order to clarify the 
roles of FGFs in the brain, therefore, it is essential to 
comprehend the cellular localization of their recep- 
tors in this organ. So far at least four genes of FGF 
receptors (FGFRs) have been identified. 20 These 



r To whom correspondence should be addressed. 

Abbreviations: FGF, fibroblast growth factor; aFGF, acidic 
FGF; bFGF, basic FGF; FGFR. FGF receptor; EDTA, 
disodium ethlenediaminetetra-acetate; SDS-PAGE, 
sodium dodecyl sulfate-polyacrylamide gel electrophor- 
esis; PCR. polymerase chain reaction. 



include; (i) fig (FGFR-1) cloned from cDNA libraries 
of a human brain stem, 7 a human placenta, 18 a human 
umbilical vein endothelial cell 18 and a chicken 
embryo 25 ; (ii) bek (FGFR-2) isolated from a human 
brain stem cDNA library 7 ; (iii) FGFR-3 identified in 
a human K-562 cDNA library 21 and (iv) FGFR-4 
expressed in K562 erythroleukemia cells. 33 Although 
FGFR-4 has a high and selective affinity for aFGF, 
the other three react with both aFGF and bFGF. 
Concerning the expression of FGFR-1 mRNA, some 
studies in normal mammals (mouse 3 and rat 47 ) and 
developing animals (chicken, 17 mouse 35 and rat 48 ) 
have been reported recently. At the protein level, 
however, there has been no report dealing with the 
cellular localization of FGFRs in normal adult 
mammals. 

Therefore, we have tried to prepare antisera 
specific for one of the FGFRs, aiming to visualize its 
accurate distribution by immunohistochemistry in 
the adult rat brain. In the present study, we chose 
FGFR-1 because its molecular basis has been most 
extensively studied among the three common 
receptors for aFGF and bFGF. For raising antisera, 
a synthetic oligipeptide antigen was selected from the 
known amino acid sequence for FGFR- 1 of 
chicken, 23 because no report in rat brain was available 
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when we started this study. In order to examine 
whether the obtained antiserum is capable of cross- 
reacting with rat brain FGFR-1, its partial sequence 
was analysed by using a polymerase chain reaction 
(PCR)-cloning method. 29 

EXPERIMENTAL PROCEDURES 

Production and characterization of the antiserum to fibroblast 
growth factor receptor- 1 

An immunogen was prepared by conjugating 10 mg of the 
synthetic oligopeptide (EDDDDEDDSSSEEKEAD), the 
sequence of which is coded in a highly acidic region of 
FGFR-I of chicken, 25 to 100 mg of poly-L-glutamate with 
water soluble carbodiimide. The method of conjugation is 
essentially identical with that reported previously.' 

Three Japanese white rabbits (Kiwa Lab., Japan) weigh- 
ing 2.0-2.5 kg were used for the production of anti-FGFR 
sera. Prior to immunization, the blood was collected as a 
control pre-immune serum from each rabbit. The animals 
were injected every two weeks with the immunogen 
emulsified with Freund's adjuvant. Blood samples were 
collected four days after every booster injection. The specifi- 
city of the antisera was examined by immunospot assay, 
western blots and immunoabsorption test. 

The immunospot assay was modified from the description 
of Larsson. 24 In brief, a 1 /il solution of a test compound 
in an amount ranging from 1 to 0.0038 nmol, was spotted 
on a gelatin-coated cellulose acetate membrane. The mem- 
brane was then fixed for I h with paraformaldehyde vapor 
at 80°C and washed with 10 mM phosphate-buffered saline 
(pH 7.4). The membrane was incubated overnight with a 
primary anti-FGFR serum (1:10000) at room temperature 
and stained by the immunohistochemical procedure de- 
scribed below. 

For western blots, fresh tissues of rat brain were hom- 
ogenized in five volumes of ice-cold 10 mM Tris-HCl (pH 
7.4) containing I mM EDTA, phenylmethyl-sulfonyl-fluor- 
lde (lOOpg/ml), leupeptin (1 pg/ml), pepstatin {1 pg/ml) 
and aprotinin (1 pg/ml). The homogenate was centrifuged at 
15,000 rpm for 20 min at 4°C. The pellet was homogenized 
at 4 C and the suspension was kept on ice for I h in 25 mM 
Tns-HCl plus 150mM NaCl (pH 7.4) containing 1% 
Tnton-X 100 and phenylmethyl-sulfonyl-fluoride (100 jig/ 
ml). The suspension was centrifuged at 15,000 rpm for 
20min at 4°C. The supernatant was collected as a crude 
soluble membrane fraction. About 100 pg of the soluble 
membrane fraction was electrophoresed, together with 
a commercial preparation of FGFR fusion protein 
(1 10,000 mol. wt; UBI, U.S.A.) in an estimated amount of 
100 ng, on 6% sodium dodecyl sulfate-polyacrylamide gel 
(SDS-PAGE) and then transferred to polyvinyliden difl- 
uonde membrane (Immobilon-P, Millipore Japan, Japan). 
The membrane was incubated for 30 min with 25 mM 
Tns-HCl containing 150mM NaCl and 5% skim milk at 
room temperature and further incubated overnight with a 
FGFR-1 antiserum (1:10000) in 25 mM Tris-HCl contain- 
ing I50mM NaCl and 1% skim milk at room temperature 
After washing with 25 mM Tris-HCl containing 150 mM 
NaCl and 0.1% Tween 20, the membrane was reacted for 
2h with alkaline phosphatase-labeled anti-rabbit IgG 
(1:2000, GIBCO BRL, U.S.A.) in 25 mM Tris-HCl contain- 
ing 150 mM NaCl and 1% skim milk at room temperature 
The labeling was visualized by incubating with nitroblue 
tetrazohum (0.33 mg/ml, GIBCO BRL, U.S.A.) and 5- 
bromo-4-chIoro-3-indolyl-phosphate (0.165 mg/ml, GIBCO 

xi^l in 100 mM Tris - HC1 (PH 9.5) containing 
100 mM NaCl and 50 mM MgCl 2 . 

An immunoabsorption test was employed by using 
another synthetic oligopeptide (EDDDDDDDSSSEEK- 
EAD) which is contained in a highly acidic region of 



FGFR-I of the human, instead of the chicken noted above. 
The oligopeptide (1.5 mg) was conjugated with a 45 pi 
suspension of Affigel-I5 (Bio-Rad, U.S.A.) according to the 
manufacturer's recommendation. A volume of 0.2 pi 
FGFR-1 antiserum was diluted with 200pl of phosphate- 
buffered saline containing 0.3% Triton X-100 and incubated 
overnight with a 45 pi suspension of the peptide-bound 
Affigel-I5 at room temperature. The suspension was cen- 
trifuged at 1000 rpm for 3 min and the supernatant was 
collected as an absorbed serum. For a positive control, 
200pl of an antiserum (diluted 1:1000) was incubated 
overnight at room temperature with 45 pi of unconjugated 
Affigel-I5. After centrifugation, the resulting supernatant 
was used as a positive control antiserum for the immunoab- 
sorption test. 

Tissue preparations for immunohistochemistry 

Ten male Wistar rats (Clea Japan Inc., Japan) weighing 
200-250 g were used. The animals were housed on a 12 h 
light/dark schedule (08:00-20:00) and given free access to 
food and water. Under pentobarbital anesthesia (80 mg/kg), 
the animals were perfused via the ascending aorta with 
10 mM phosphate buffer containing 0.9% NaCl (pH 7.4) 
followed by a fixative containing 4% paraformaldehyde 
0.2% picrate and 0.35% glutaraldehyde in 100 mM phos- 
phate buffer (pH 7.4). The animals were kept in crushed ice 
during the perfusion. After perfusion the brain was quickly 
removed and cut into 5-7-mm coronal blocks. The blocks 
were immersed for one or two days in a fixative consisting 
of 4% paraformaldehyde and 0.2% picrate in 100 mM 
phosphate buffer (pH 7.4). The blocks were then placed in 
100 mM phosphate buffer containing 15% sucrose, frozen 
with dry-ice and cut into 20-pm-thick sections. The sections 
were collected in phosphate-buffered saline containing 0.3% 
Tnton X-100. All the above procedures were carried out at 

Immunohistochemical procedures 

The sections in a free-floating state were first incubated 
for three days with FGFR-I antiserum (diluted 1:10000) at 
4°C, for 2h with biotinylated anti-rabbit IgG (diluted 
1:1000, Vector Labs., U.S.A.) at room temperature and for 
1 h with the avidin-biotin-peroxidase complex (diluted 
1:4000, Vector Labs., U.S.A.) at room temperature. Di- 
lution of antisera and wash of sections were all done with 
phosphate-buffered saline containing 0.3% Triton X-100. 
Color was developed by reacting the sections for 20 min 
with a mixture containing 0.02% 3,3'-diaminobenzidine, 
0.0045% H 2 0 2 and 0.3% nickel ammonium sulfate in 
50 mM Tns-HCl buffer (pH 7.6). The stained sections were 
mounted on gelatin-coated glass slides, air-dried, dehy- 
drated and cover-slipped. Some sections were counter- 
stained with Neutral Red for histological examination. 
Image analysis was performed to measure the major axes of 
immunoreactive cell bodies by using a computer-assisted 
image analyser (Qube 6000, Nexus Inc., Japan) attached 
with a light microscope. 

Partial sequencing of rat fibroblast growth factor receptor-1 
Total RNA was isolated from the whole brain of a rat 
according to the acid guanidium thiocyanate-phenol 
method 5 with a slight modification. In brief, approximately 
100 mg of fresh brain tissue was homogenized for 45 s at 
room temperature in 0.6 ml of a denaturing solution consist- 
ing of 4M guanidium thiocyanate, 0.5% sarcosyl, 0.1 M 
2-mercaptoethanoI in 25 mM sodium citrate (pH 7.0). To 
the homogenate were added sequentially, 0.12 ml of 2 M 
sodium acetate (pH 4.0), 0.6 ml of water saturated phenol 
and 0.12 ml of chloroform, with thorough mixing after the 
addition of each reagent. The final suspension was vortexed 
for 15 s, cooled on ice for 15 min and centrifuged at I0,000g 
for 15 min at 4°C. After centrifugation, the aqueous phase 
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villaining RNA was transferred to a new tube. The remain- 
ni: pellet was re-extracted two to three times and all the 
' uueous samples were combined together in the same tube. 
After the final extraction, RNA in the aqueous solution was 
precipitated by adding an equal volume of isopropanol and 
Upt at -20 C C for 1 h. The solution was then centrifuged at 
Ml 000? for 10 min at 4°C and the resulting pellet was 
wished with 0.5 ml of 4 M lithium chloride to solubilize 
polysaccharides that were co-precipitated with RNA. The 
Insoluble RNA was collected again by centrifuging at 
[d OOOg for 5 min at 4°C, dissolved in 0.3 ml of 4 M 
ouanidium thiocyanate containing 0.5% sarcosyl, 0.1 M 
\mercaptoethanol in 25 mM sodium citrate (pH 7.0) and 
[hen re- precipitated with one volume of isopropanol con- 
uiinine 0.2 M sodium acetate (pH 4.0) at -20°C for 1 h. 
After centrifugation at 3000g for 10 min at 4°C, the pellet 
was washed two times with 70% ethanol, centrifuged and 
\acuum dried. Finally , the pellet was dissolved in 50 /zl of 
distilled water which had been incubated overnight with 
0 02% diethyl pyrocarbonate and autoclaved for 20 min at 
125" C. 

Prior to reverse transcription, 5 ^g of the total RNA as 
prepared above was incubated, to eliminate trace DNA 
contamination, for I h at 37°C with 10 units RNAse free 
DNAse (Pharmacia, U.S.A.) and 20 units of RNAsin 
(Pharmacia, U.S.A.). Then the DNAse was inactivated by 
heating for 5 min at 95°C and the total RNA was reverse- 
transcribed using 500 pmol of random hexamers (Pharma- 
cia. U.S.A.) with 80 units of Maloney murine leukemia virus 
reverse transcriptase (Pharmacia, U.S.A.) for 1 h at 37°C. 
Finally the reverse transcriptase was inactivated by heating 
for 10* min at 65 C C. 

About one-tenth of the cDNA obtained was then am- 
plified by PCR with the following primers: primer 1 (sense), 
^'-ATACCACCTACTTCTCCGTCAATGT^ (corre- 
sponding to nucleotides 386-410 of mouse bFGF-R 
mRNA); primer 2 (antisense), 5 -AGTCCGATAGAGT- 
TACCCGCCAAGC-3 , (corresponding to nucleotides 
1079-1 103 of mouse bFGF-R mRNA). 35 The DNA thermal 
cvcler (Astec, Japan) step program consisted of 30 cycles as 
follows: 94°C, 30 s; 55°C, 1 min; 72 3 C, 1 min. The PCR 
products were electrophoresed in a 1% NuSieve (FMC 
Products, U.S.A.) f\% Seakem (FMC Products, U.S.A.) 
agarose gel. The examination by ethidium bromide staining 
gave a single band of 720 bp, which corresponded well to the 
size estimated from the sequence of mouse bFGF receptor. 
The band in the agarose gel was dissected out and the target 
DNA in the band was eluted by using GeneClean II kit 
(BiolOl, U.S.A.) followed by ethanol precipitation. 

For the cloning of the target DNA, pBluescript II (Strata- 
gene. U.S.A.) was first digested with the restriction enzyme 
EcoRV (Toyobo, Japan) and tailed by using Taq poly- 
merase (Perkin-Elmer/Cetus, U.S.A.) with TTP to both 
3 -blunt ends (T-pBS vector). 29 Then the target DNA se- 
quence was inserted into the T-pBS vector by using a DNA 
ligation kit (Takara, Japan) according to the manufacturer's 
protocol. The prepared plasmid DNA was transformed into 
E. coli (JM109 cells, Toyobo, Japan) by electroporation. 
The amplified plasmid DNA was extracted by the alkaline 
lysis method. 37 The double stranded DNA was purified by 
using GeneClean II kit and finally applied to a DNA 
sequencer (A.L.F., Pharmacia, U.S.A.). 



RESULTS 

Partial nucleotide sequence of rat fibroblast growth 
factor receptor -I and its deduced amino acid sequence 

The partial nucleotide sequence of rat brain 
FGFR-1 is shown in Fig. 1. For comparison, pre- 
viously reported sequences of FGFR-1 in rat prostate 
tumor cells, 52 mouse embryonic neuroepithelium, 35 



and human embryonic lung 9 are also presented. The 
sequence coding the highly acidic region in rat brain is 
exactly the same as in all sequences. However, both the 
rat brain and human lung sequences lack six successive 
nucleotides downstream from the acidic region. Figure 
lb shows the amino acid sequence of the rat brain 
FGFR-1 deduced from the result in Fig. la. Significant 
homology in deduced sequence can be seen between rat 
brain and the other sources. In particular, the sequence 
representing the highly acidic region in rat brain is 
completely identical with that reported for the three 
mammals (rat prostate, 52 mouse neuroepithelium 35 
and human embryonic lung 9 ), but is two amino acids 
different from that for chicken embryo. 25 

Specificity of antisera against fibroblast growth factor 
receptor -I 

The result of immunospot assay using the 
highest titer FGFR-1 antiserum is represented in 
Fig. 2a. This antiserum was capable of detecting 
15.7 pmols of both chicken and human oligopeptides 
coding the highly acidic regions of FGFR-1, but 
failed to react even with 1 nmol of an oligopeptide 
coding a corresponding site of human FGFR-4 
(NDDEDPKSHRDPSNRHS) and of poly-L-gluta- 
mate, the carrier protein of the immunogen. Thus we 
used this antiserum in various studies as described 
below. 

Although our preliminary experiment indicated a 
possible impurity of the preparation of FGFR-1 
fusion protein, our antiserum detected only one band 
in this preparation by western blots. The estimated 
molecular weight was approximately 110,000, corre- 
sponding well with predicted molecular weight of the 
fusion protein (Fig. 2b, lane A). Western blots in rat 
brain homogenate showed that the antiserum recog- 
nized two bands of about 75,000 and 145,000 mol. wt 
(Fig. 2b, lane B). 

In the immunoabsorption test, the absorbed 
antiserum did not show any positive structures in 
any sections of rat brain, whereas the positive 
control antiserum revealed specific staining similar 
to that observed with the original FGFR-1 
antiserum. 

Distribution of fibroblast growth factor receptor -1 -like 
immunoreactive structures in rat brain 

.In rat brain, putative FGFR-1 -like immuno- 
reactivity was observed mainly in neurons. Excep- 
tions were a few stained tanycytes and ependymal 
cells situated in the wall of the cerebral ventricle. As 
illustrated in Fig. 4, the reaction product in neurons 
appeared to occur typically on the surface of cells, 
though there were occasional deposits in the cyto- 
plasm. In some brain regions, dendritic or axonal 
processes were also visible (Fig. 5). Maps of positive 
neuronal somata are presented in Fig. 3 with 21 
schematic drawings of coronal sections, correspond- 
ing to levels in the atlas of Paxinos and Watson. 34 
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HUMAN 451 GGCCTCTATG CTTGCGTAAC CAGCAGCCCC TCGGGCAGTG ACACCACCTA 500 

MOUSE 346 GGCCTCTACG CTTGCGTGAC CAGCAGCCCC TCTGGCAGCG ATACCACCTA 395 

RAT-P 356 GGCCTCTACG CTTGTGTGAC CAACAGCCCC TCTGGCAGCG ATACCACCTA 405 

RAT-B ATACCACCTA 

HUMAN 501 CTTCTCCGTC AATGTTTCAG ATGCTCTCCC CTCCTCG GAG GATGATGATG 550 

MOUSE 396 CTTCTCCGTC AATGTCTCAG ATGCACTCCC ATCCTCG GAA GATGATGACG 445 

RAT-P 406 CTTCTCCGTC AATGTCTCAG ATGCACTGCC ATCCTCG GAG GACGATGACG 455 

RAT-B CTTCTCCOTC AATGTCTCAG ATGCACTGCC ATCCTCG GAG GACGATGACG 

HUMAN 551 ATQATGATGA CTCCTCTTCA GAGGAGAAAG AAACAGATA A CACCAAACCA 600 

MOUSE 446 ACQACGATGA CTCCTCC TCG GAGGAGAAAG AGACGG^ CAA CACCAAACCA 495 

RAT-P 456 ATOATOATOA CTCCTCCTCA GAGGA GAAAG AGACAOAC Afi CACCAAACCA 505 

RATB ATQATGATGA CTCCTCC TCA GAGGAGAAAG AGACAfiAP AA CACCAAACCA 

HUMAN 
MOUSE 
RAT-P 
RAT-B 



HUMAN 
MOUSE 
RAT-P 
RAT-B 



601 A AC C CCGTAGCTCC ATATTGGACA TCCCCAGAAA AGATGGAAAA 644 

496 AACCOTAOGC CTGTAGCTCC CTACTGOACA TCCCCAOAOA AAATGOAGAA 545 

506 AACCGTAGGC CTGTGGCGCC ATACTGGACA TCCCCAGAGA AAATGGAGAA 555 

A AC C CTGTGGCGCC ATACTGGACA TCCCCAGAGA AAATGGAGAA 

2^E^ AT GC AGTGCCGG CTGCCAAGAC AGTGAAGTTC AAATGCCCTT 694 

546 OAAACTGCAT OCGGTGCCCG CTGCCAAGAC GGTGAAGTTC AAGTGCCCGT 5*5 

GAAACTGCAC ^CACT^ 0 CTGCCAAGAC GGTGAAATTC AAATGCCCGT 605 



^ 1,0 7TYFSVNVSD ALPSA EDDDD FJmssSFp :^ mMwp^ VAPY WTYPEK ■ 

HUMAN ,65 TTYFSVNVSD ALPSS EDDDD DDDSSSFFKF TnJ ^^o VA^W^ 'n 
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(x) A partial nucleotide sequence of FGFR-I for rat brain (RAT-B) in comparison with that 
reported for rat prostate tumor cell line (RAT-P). mouse embryonic neuroepi theh um (MO USE) and 

The amino ^ *~e *dLd rrom ( the 0 Soud d e 
MOuTf hi m m I u V (RAT - B >- For comparison, similar sequences reported for the RAT-P 
MOUSE. HUMAN and ch.cken embryo (CHICKEN) are shown. Highly acidic regions of FGFR-1 a^e 

underlined. 



Representative examples of immunohistochemical 
staining in various regions are shown in the photo- 
micrographs of Figs 4-38. The size of cells was ex- 
pressed as small (5-10 //m in mean diameter), 
medium-sized (1 1-15 ^m), large (16-25 /im), or giant 
(over 25 /^m). 

Telencephalon 

In the main olfactory bulb, putative FGFR-1 
positive staining was found in the olfactory nerve 
layer and in many small cells (6.8 /im in mean 
diameter) of the periglomerular layer (Fig. 6). The 
reaction product in the small cells was packed in their 
cytoplasm, while those in the nerve layer appeared to 
cover the entire surface of the olfactory nerve 
bundles. A few positive cells of small size (8.2 //m in 
diameter) were also seen in the external plexiform 
layer, whereas no immunoreactive structure was 



detected in the mitral cell layer or the internal 
granular layer. In the accessory olfactory bulb, the 
vomeronasal nerve layer and the adjacent glomerular 
layer were coated almost uniformly with very tiny 
positive dots (Fig. 7). 

The olfactory tubercle displayed a notable feature 
of intense staining in the major island of Calleja (Figs 
3C-3E, 8, 9). Positively stained tiny dots were densely 
precipitated in the cytoplasm of the granule ceils 
(Fig. 9) and the mean diameter of such somata was 
7.9 /im. Few, if any, positive neurons were seen in 
either the plexiform, polymorphic or pyramidal 
layers. 

The accumbens nucleus contained a moderate 
number of positive neurons (Figs 3D-3F, 10 and 1 1). 
These cells were small in size (9.2 //m in diameter) and 
possessed granular reaction products in the cyto- 
plasm (Fig. II). No positive structure was seen in 
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Fig. 2. The specificity of anti-FGFR serum examined by (a) immunospot assay with synthetic peptides 
or (b) western blots with a fusion protein, (a) Oligopeptides for FGFR-1 of the chicken [FGFR-l(C); lane 
I], human [FGFR-l(H): lane 2], human FGFR-4 [FGFR-4(H); lane 3] and Poly-L-glutamate (P-L-Glu; 
lane 4), The antiserum (diluted 1:10000) detects as small as 15.7pmols of FGFR-1 of both chicken and 
human, whereas it fails to recognize as large as 1.0 nmols of FGFR-4 oligopeptide and the carrier protein 
used for the immunogen to raising the antiserum, (b) The antiserum (diluted 1:10000) recognized 100 ng 
(as estimated according to the supplier) of FGFR-I fusion protein with the molecular weight of 
1 10,000 mol. wt (lane A; triangle) and the two bands of 145,000 and 75,000 mol. wt (lane B; arrow and 
arrowhead, respectively) in the rat brain homogenate. 
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the caudoputamen (Figs 3C-3I). In the septum (Figs 
3C-3E. 12 and 13), medium-sized positive neurons 
(!2.2/<m in diameter) were distributed in the lateral 
septal nucleus including the dorsal, intermediate and 
ventral parts, but not in the medial septal nucleus. 
The intermediate part of the lateral septal nucleus 
contained a particularly high density of positive cells 
(Fig. 12). In most cases, these neurons appeared to 
bear positive reaction products on the surface of 
somata and their proximal processes (Fig. 13). The 
diagonal band of Broca contained no positive 
staining (Fig. 3C, D). 

In the cerebral cortex, a moderate density of 
putative FGFR-l-positive neurons was distributed 
throughout the entire extent from the frontal to 
occipital pole (Fig. 3A-30). These neurons in 
the neocortex were mainly located in layers III 
and V (Fig. 14). The positive somata in layer III 
tended to be generally smaller in size (11.9//m in 
diameter) than those in layer V (15.8 //m). 
They gradually decreased in number in cortices 
caudal to the retrosplenium. Positive staining was 
generally confined to the surface regions of peri- 
fcarva and their proximal processes (Fig. 15). Simi- 
larly stained large sized cells (19.2 //m in diameter) 
were observed in the cingulate cortex (Figs 3A-G, 
17. 18). but there was no tendency to locate in 
definite layers. In the piriform and entorhinal 



cortices, a few positive neurons were scattered 
(Fig. 3). These neurons, medium-sized (12.0/jm in 
diameter) and pyramidal in shape, were often found 
in layer III. 

In the hippocampal formation, conspicuously 
intense staining was seen in pyramidal cells (20.2 /*m 
in diameter) of the CA2 region (Figs 3I-K, 18), while 
other CA regions were stained only faintly (Fig. I8) ; 
High magnification revealed that the positive reaction 
product was near to the cell membrane of the CA2 
pyramidal cells (Fig. 19). A number of neurons 
stained with moderate intensity were found in the 
granule cell layer of the dentate gyrus (6.7 fxm in 
diameter, Fig. 3H-K) and the subiculum (18.2 fim in 
diameter, Fig. 3J-M). 

Medium-sized (12.1 in diameter) multipolar 
neurons with moderate staining intensity were 
distributed in the amygdaloid complex. These cells 
were particularly abundant in the central and medial 
nuclei of the complex (Figs 3G-K, 20-22). Some, but 
not all, neurons in the bed nucleus of the stria 
terminalis showed positive staining with moderate 
intensity (Fig. 3D-F). 

Diencephalon 

No putative FGFR-I -positive neurons were 
recognizable in thalamic nuclei, with the exception of 
the medial habenular nucleus, which contained a few 
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faintly stained neuronal somata (10.3 fxm in diameter 
Fig. 3H,I). 

In the hypothalamus, the most striking feature was 
found in the lateral hypothalamic area (Figs 3G-I, 
23, 24). Here, intensely stained large neurons (20.8 /*m 
in diameter) were scattered and their processes were 
also clearly observed to form a meshwork within this 
area (Fig. 24). A number of positive neurons were 
located in the dorsomedial (positive cell size: 15.6 /^m 
in diameter, Fig. 3H-I), magnocellular part of the 
paraventricular (13.3 j/m, Figs 3H, 25) and supraoptic 
nuclei (18.8 /im, Fig. 26) of the hypothalamus. In the 
suprachiasmatic nucleus, strongly stained small neur- 
ons (7.2 /^m in diameter) were densely present in its 
ventromedial part (Fig. 26). The arcuate nucleus con- 
tained a moderate number of positive small sized 



neurons (7.0 ^m in diameter). Few, if any, positive 
cells were observed in the ventromedial hypothalamic 
nucleus (Fig. 25).The medial forebrain bundle con- 
tained positive fiber bundles (Fig. 23). 

Mesencephalon 

Although no significant staining was present in the 
superior colliculus, the positive neurons were observed 
in the external and central nuclei of the inferior 
colliculus (Figs 3L-N, 31, 32). These cells were large 
in size (22.0 /^m in diameter) and pyramidal in shape 
with multipolar processes. A small number of positive 
small sized neurons (9.6 /im in diameter) were also 
found in the central gray around the cerebral 
aqueduct (Fig. 3J-0). A few positive neurons with 
medium-sized somata (12.0 //m in diameter) were 
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2n 


optic nerve 


LSV 


3 


oculomotor nucleus 


LV 


3V 


third ventricle 


Me 


4V 


fourth ventricle 


MeA 


6 


abducens nucleus 


mfb 


A5 


A5 noradrenaline cells 


MnR 


ac 


anterior commissure 


MP 


Acb 


accumbens nucleus 


MPB 


ACo 


anterior cortical amygdaloid nucleus 


MPO 


AOB 


accessory olfactory bulb 


MS 


AP 


area postrema 


MVe 


Arc 


arcuate hypothalamic nucleus 


Oc 


nip 


nucleus of the brachium of the inferior colliculus 


ON 


BST 


bed nucleus of the stria terminalis 


Par 


CAM 


fields CAI-4 of Amnion's horn 


PaV 


Ce 


central amygdaloid nucleus 




CeM 


central amygdaloid nucleus, medial division 


PCRt 


CG 


central gray 


Pe 


Cg 


cingulate cortex 


Pir 


CIC 


central nucleus of the inferior colliculus 


PMCo 


CLi 


caudal linear nucleus of the raphe 


PnC 


CnF 


cuneiform nucleus 


PnO 


CPu 


caudoputamen 


RLi 


DG 


dentate nucleus 


RMg 


DLL 


dorsal nucleus of the lateral lemniscus 


ROb 


DM 


dorsomedial hypothalamic nucleus 


RPa 


DpMe 


deep mesencephalic nucleus 


RPn 


DR 


dorsal raphe nucleus 


RRF 


ECIC 


external cortex of the inferior colliculus 


RVL 


Ent 


entorhinal cortex 


S 


EW 


Edinger-Westphal nucleus fornix 


SCh 


Fr 


frontal cortex 


SFO 


gcc 


genu of the corpus callosum 


SHi 


Gl 


glomerular layer of the olfactory bulb 


SHy 


ICjM 


islands of Calleja, major island 


SNC 


IP 


interpeduncular nucleus 


SNR 


IPC 


interpeduncular nucleus, caudal subnucleus 


SO 


IRt 


intermediate reticular nucleus 


Sol 


LC 


locus coeruleus 


Sp5 


LH 


lateral hypothalamic area 


StHy 


LPB 


lateral parabrachial nucleus 


TS 


LPGi 


lateral paragigantocellular nucleus 


TT 


LPO 


lateral preoptic area 


Tu 


LRt 


lateral reticular nucleus 


Tz 


LS 


lateral septal nucleus 


VCA 


LSD 


lateral septal nucleus, dorsal part 


VDB 


LSI 


lateral septal nucleus, intermediate part 


VMH 


LSO 


lateral superior olive 


VTA 



lateral septal nucleus, ventral part 

lateral ventricle 

medial amygdaloid nucleus 

medial amygdaloid nucleus, anterior part 

medial forebrain bundle 

median raphe nucleus 

medial mammillary nucleus, posterior 

medial parabrachial nucleus 

medial preoptic nucleus 

medial septal nucleus 

medial vestibular nucleus 

occipital cortex 

olfactory nerve layer 

parietal cortex 

paraventricular hypothalamic nucleus, ventral 
part 

parvocellular reticular nucleus 
periventricular hypothalamic nucleus 
piriform cortex 

posteromedial cortical amygdaloid nucleus 

pontine reticular nucleus, caudal part 

pontine reticular nucleus, oral part 

rostral linear nucleus of the raphe 

raphe magnus nucleus 

raphe obscurus nucleus 

raphe pallidus nucleus 

raphe pontis nucleus 

retrorubral field 

rostroventrolateral nucleus 

subiculum 

suprachiasmatic nucleus 

subfornical organ 

septohippocampal nucleus 

septohypothalamic nucleus 

substantia nigra, pars compacta 

substantia nigra, pars reticulata 

supraoptic nucleus 

nucleus of the solitary tract 

spinal trigeminal nucleus 

striohypothalamic nucleus 

triangular septal nucleus 

tenia tecta 

olfactory tubercle 

nucleus of the trapezoid body 

ventral cochlear nucleus, anterior part 

nucleus of the vertical limb of the diagonal band 

ventromedial hypothalamic nucleus 

ventral tegmental area 
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Fig. 3. Mapping of FGFR-l positive neuron (dots) in coronal sections. Schematic drawings based on the 
- atlas of Paxmos and Watson. Br indicates Bregma. For further details see text. 
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Figs 4-5. Representative FGFR-1 -like immunopositive neurons in the pars compacta of the substantia 
nigra (Fig. 4) and ventral tegmental area (Fig. 5). The reaction products in neurons appeared to occur 
typically on the surface of cells, though they were occasionally deposited in the cytoplasm. In some brain 
regions, dendritic or axonal processes were also visible. Scale bars = 25/im. 



scattered in the deep mesencephalic nucleus 
(Fig. 3J-L). 

In the mesencephalon, the pars compacta of the 
Mibstantia nigra exhibited the most intense staining in 
the brain (Figs 3J-K, 27. 28). Positive medium-sized 
neurons (l4.8//m in diameter) were so intensely 
rained that their morphological shapes could be 
observed in detail. Stained processes emanating from 
these cells extended mostly toward the pars reticulata 
(Fig. 28). The ventral tegmental area also contained 
many intensely stained neuronal somata (15.4/im in 
diameter) and processes (Fig. 3J-K, 29). A moderate 
number of positive small sized neurons (7.1 //m in 



diameter) were present in the interpeduncular nucleus 
(Fig. 29). 

The accessory oculomotor nucleus (the Edinger- 
Westphal nucleus) had intensely stained neurons 
(16.1 /^m in diameter). However, both the main 
oculomotor and' the trochlear nuclei contained no 
positive structures (Fig. 3J-L). 

It was notable that the dorsal raphe nucleus con- 
tained many intensely stained neurons (Figs 3M-0, 
30), These neurons were medium-sized (14.6 ^m in 
diameter) and multipolar in shape and their processes 
formed a dense meshwork within the nucleus. A few 
positive neuronal somata were observed in the rostral 




Figs 6-7. FGFR-i-like immunoreactive structures observed in the main olfactory bulb (Fig. 6) and in the 
accessory olfactory bulb (Fig. 7, AOB). Note the positive periglomerular cells (Gl) and diffuse staining 
of the olfactory nerve layer (ON). Scale bars = 100 /jm. 
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Figs 8-13. FGFR-l positive neurons in the major island of Calleja (Figs 8, 9), accumbens nucleus (Figs 
10, 1 1) and lateral septal nucleus (Figs 12, 13). Dotty granules are in neuronal somata and their processes. 
Scale bars= 100/im,(Figs 8, 12); 200/im,(Fig. 10); 25 //m, (Figs 9, II, 13). 



(19.8 in diameter, Fig. 3J) and caudal linear 
nuclei (14.2 /im, Fig. 3K-L) and the retrorubral field 
(10.9 //m, Fig. 3L). 

Pons and medulla 

The locus coeruleus and the nucleus subcoeruleus 
displayed an intense immunoreactivity. Medium- 
sized (14.9 fim in diameter) oval neurons were packed 
in the locus coeruleus, while relatively large (18.4 fim 
in diameter) multipolar cells were seen in the nucleus 



subcoeruleus (Fig. 3P-Q, 35). Moderately stained 
neurons were observed in the parabrachial nucleus 
(positive cell size: 11.6/im in diameter, Fig. 30-P), 
the nucleus of the lateral lemniscus (18.0/*m, 
Fig. 3N), the pontine nucleus (12.9 //m, Fig. 3M-Q) 
and the trapezoid nucleus (16.3 ^m, Fig. 3N-P, 33). 
In the vestibular nuclei, the medial nucleus possessed 
a moderate density of positive neurons (25.2 ^m in 
diameter, Fig. 3R-S). A few positive neurons were 
observed in the other three subnuclei, the superior 
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Figs I4-19. FGFR-l positive neurons in the parietal cortex (Figs 14, 15), cingulate cortex (Figs 16, 17) 
and hippocampus (Figs 18, 19). In the neocortex, the positive neurons are mainly distributed in layers 
III and V (Fig. 15). Under high magnification (Figs 15, 17), the cell somata and proximal processes were 
visible by the antiserum. Note that pyramidal neurons in the CA2 region are intensely stained (Figs 18, 
19). Scale bars = 200 /im. (Figs 14, 16, 18); 25 /im, (Figs 15, 17, 19). 




Figs 20-26. FGFR- 1 positive neurons observed in the amygdaloid complex (Figs 20-22), lateral hypothala- 
mic area (Figs 23. 24), paraventricular hypothalamic nucleus (Fig. 25) and suprachiasmatic nucleus (Fig 26) 
Note intense staining in the lateral hypothalamic area but not in the ventromedial hypothalamic nucleus 
(Fig. 20). Scale bars=200/im, (Fig. 20); 25 //m, (Figs 21. 22. 24): lOO^m. (Figs 23 25 26) 
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Fiss 27-38. FGFR-l-like immunoreactivity observed in the substantia nigra (Figs 27. 28). ventral 
tegmental area (Fig. 29), dorsal raphe (Fig. 30), inferior colliculus (Figs 31 and 32). nucleus of the 
trapezoid bodv (Fig. 33), ventral cochlear nucleus (Fig. 34). locus coeruleus (Fig. 35). raphe obscurus (Figs 
36, 37) and cerebellum (Fig. 38). Particularly in the pars compacta of the substantia nigra, neuronal 
somata and their processes^are intensely stained (Fig. 27). The ependyma beneath the crus cerebri are 
stained nonspecificallv. Scale bar = lOO^m. (Figs 27, 29-31. 33-36. 38); 25 /im. (Figs 28. 32, 37). 




, FGFR-l-hke immunopositive structures in the subfornical organ (Fig. 39), area postrema 
■ig. 40) and ependymal cells on the 3rd ventricular wall (Fies 41, 42). Scale bars = 100 »m (Figs 35-37)- 

25 pm, (Fig. 38). 



(positive cell size: 21.5/<m in diameter), lateral 
(18.7/im) and spinal (20.8 /im) vestibular nuclei. In 
the cochlear nuclei intensely stained large neurons 
(24.6 fim in diameter) were observed (Figs 30-Q. 34). 



Similarly to the raphe dorsalis described above, 
clearly stained neurons were distributed in caudal 
raphe regions (Fig. 3J-V) ? including the raphe obscu- 
rus (positive cell size: 19.3 //m in diameter. Figs 36 ? 
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\Ti median raphe (14.9 /im), raphe pontis (13.4 ^m), 
raphe magnus (19.6 //m) and raphe pallidus 
,|4.6i<m) nuclei. 

In the medulla oblongata, moderately stained 
neurons were found in the A5 region (positive cell 
,i/e: 16.6//m in diameter, Fig. 3P-QX intermediate 
reticular (16.8 fim) and lateral paragigantocellular 
nuclei (21.6 /zm, Fig. 3R-U). A few positive neurons 
(^\0/im in diameter) were scattered in the spinal 
mgeminal nucleus (Fig. 3P-U). Medium -sized 
(14.9 in diameter), moderately stained neurons 
were observed in the solitary tract nucleus 
iK.y. 3Q-U). 

Cerebellum 

In this structure moderately immunoreactive 
neurons were mainly distributed in the molecular 
layer. The regions containing a few such positive 
small cells (8.0 //m in diameter) included the vestibu- 
locerebellum as the lingula (lobule 1), ventral part of 
tlocculonodular (lobule 10) and a ventral half of 
uvula (lobule 9). Purkinje cells were never stained 
positively (Figs 3Q-S, 38) and no stained cells were 
seen in the cerebellar nuclei. 

Circumventricular organs 

Positive staining was recognized in some structures 
contacting the cerebrospinal fluid. Among the 
circumventricular organs, the organum vasculosum 
laminae terminalis, subfornical organ and area 
postrema were filled with numerous tiny positive dots 
ihroughout their entire entities. In these organs, a few 
positive cells were irregularly distributed (Figs 3F-G, 
L". 39. 40). However, no positive staining was present 
in the subcommissural organ. In the wall of the third 
\entricle. some ependymal cells and tanycytes 
occasionally stained positively (Figs 41 and 42), while 
no such cells were found in other regions of the 
cerebral ventricle. 

DISCUSSION 

Characterization of the fibroblast growth factor 
receptor- 1 antisera 

The antiserum used here has been raised against 
a synthetic peptide, of which sequence (ED- 
DDDEDDSSSEEKEAD) is involved in the highly 
acidic region of chicken FGFR-1, :5 Prior to immuno- 
Mstochemical study in rat brain, therefore, it is 
necessary to ascertain that the antiserum has the 
capability of reacting with rat FGFR-t. Since rat 
I GFR-1 had not been sequenced completely when 
ihe antiserum was obtained, we analysed a partial 
sequence of a highly acidic region of rat FGFR-t. 
The sequence determined (EDDDDDDDSS- 
SI:EKEAD) was identical with that of human 
1GFR-1. The immunospot assay clearly indicated 
thai our antiserum cross-reacted equally with the 
synthetic rat peptide above, but little with the 
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oligopeptide coding a highly acidic region of human 
FGFR-4 (NDDEDPKSHRDPSNRHS). 33 The failure 
of the antiserum reacting with the FGFR-4-related 
peptide not only supports the antibody specificity for 
FGFR-1, but also denies a possible crossreactivity 
with corresponding oligopeptides of other FGFR 
members including FGFR-2 (GDDEDDTDGAED- 
FVSEN) 7 and FGFR-3 (GDDEDGEDEAEDT- 
GVDT). 21 Because the tetrapeptide "DDED", a 
common sequence to FGFR-2, -3 and -4, is also 
contained in our haptenic oligopeptide (ED- 
DDDEDDSSSEEKEAD), the antiserum should be 
directed toward epitope(s) other than the tetrapep- 
tide. Since there is no other homologous sequence 
among the four peptides, it is unlikely that the 
antiserum may crossreact with FGFR-2 or FGFR-3. 

A further analysis by western blots confirmed that 
the antiserum was capable of detecting not only two 
specific bands (about 75,000 and 145,000 mol. wt) in 
rat brain homogenate but also a 100 ng fusion 
protein of human FGFR-1. All these data strongly 
supported that the antiserum might recognize 
equipotentially both rat and human FGFR-1. Since, 
moreover, the antiserum pre-absorbed with the syn- 
thetic rat peptide gave no specific staining in im- 
munohistochemistry, the positive structures reported 
here were regarded as those representing putative 
FGFR-1 -like immunoreactivity. 

What forms of fibroblast growth factor receptor -I are 
expressed in rat brain? 

The FGFR-1 gene has been predicted to generate 
multiple forms of receptor protein by alternative 
splicing. These forms are roughly classified into two, 
the secreted and the membrane-bound forms. The 
latter forms are further divided into two; the long 
types containing three immunoglobulin-like domains 
and the short types containing two such domains. 19 
So far, significant homology in the individual forms 
seems to exist between different species examined, 
including the rat brain as reported very recently. 53 

As mentioned above, our antiserum recognized 
two rat brain components of about 75,000 and 
145,000 mol. wt. These small and large components, 
respectively, are similar in size to the secreted forms 
(70,000-90,000 mol. wt) and the long membrane- 
bound forms (135,000-160,000 mol. wt) of FGFR-1 
in the chicken, 25 - 44 human, 7 ' 9 - l8 - ,9 - 36 rat 51 - 52 or 
mouse. 27 - 35 The antiserum, however, did not detect a 
protein band corresponding to short membrane- 
bound forms of FGFR-1 (120,000-135,000 mol. 
wt j 7.2o.36.5i j nis j s cons i s tent with previous studies at 
the mRNA level in adult mouse brain, indicating that 
both secreted and long membrane-bound forms are 
expressed, while short membrane-bound forms are 
not. 3 49 Therefore, the present immunohistochemical 
results in the rat brain appear to represent either the 
secreted or the long membrane-bound forms of 
FGFR-1, although it is not possible to differentiate 
the two forms in our stained structures. 
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Localization of putative fibroblast growth factor 
receptor- 1- like immunoreactivity 

The present study provides the first map of putative 
FGFR-l-like immunoreactive structures in adult rat 
brain. Positive staining occurs almost exclusively in 
neurons of various brain regions. A minor exception 
is found in cerebrospinal fluid contacting structures 
such as ependymal cells and tanycytes in the third 
ventricle and the components of some circum ventric- 
ular organs. The pattern of distribution is generally 
consistent with that of FGFR-1 mRNA as revealed 
by in situ hybridization histochemistry. 47 In the telen- 
cephalon, for example, immunoreactive neurons are 
richly distributed in the limbic system such as the 
olfactory bulb, amygdala and bed nucleus of the stria 
terminalis. All these limbic regions have been shown 
to possess many neurons containing FGFR-1 
mRNA. 47 Our study further indicates that FGFR-l- 
like materials are expressed in some pyramidal cells 
of the cerebral cortex. 

It is already known that FGFs are vital to survival of 
hippocampal neurons in culture. 46 A significant 
expression of FGFR-1 mRNA in the hippocampus 
has been reported. Here we show evidence for the 
existence of FGFR-l-like immunoreactivity in this 
structure. Although the reported expression of FGFR- 
1 mRNA 47 was much higher in both CA3 and CA4 
than in CA1 or CA2, our study indicates that the 
immunoreactive expression is far higher in CA2 than 
any of the remaining three regions. The reason for this 
discrepancy is at present unclear. Since pyramidal cells 
in CA2 have been known to be rich in bFGF 50 and its 
mRNA, 10 it is presumed that, in CA2, bFGFs act 
through an autocrine or paracrine mechanism. 

In the hypothalamus, a conspicuous collection of 
immunoreactive cells are observed in the lateral hypo- 
thalamic area, although the previous study did not 
describe the presence of FGFR-1 mRNA in this 
area. 47 Large neurons in the lateral hypothalamic area 
have been shown to take up aFGF or bFGF follow- 
ing the administration of a respective FGF into the 
cerebral ventricle." Moreover, both aFGF and 
bFGF have been proven to suppress the activity of 
glucose-sensitive neurons in the lateral hypothalamic 
area but not to affect glucoreceptor neurons in the 
ventromedial hypothalamic nucleus. 31 The present 
finding appears to give additional support for the 
assumption that FGFs play a role in the brain 
regulation of feeding, because the lateral hypothala- 
mic area is known to be an appetite controlling center 
while the ventromedial hypothalamic nucleus is 
known to be a satiety center. 

In the mesencephalon and lower brainstem, 
FGFR-1 immunoreactivity appears to be preferen- 
tially localized in monoaminergic cells. These include 
dopamine neurons in the ventral tegmental area and 
the pars compacta of the substantia nigra, noradrena- 
line cells in the locus coeruleus and serotonin neurons 
in the raphe nuclei. It is suggested, therefore, that 
FGFs may act selectively on certain transmitter 



systems or transmitter pathways. Recent studies have 
in fact revealed that noradrenergic and cholinergic 
neurons in the hindbrain express specific trophic 
phenotypes. 45 In this context, it is interesting to note 
that all the above aminergic neurons project their 
axons widely throughout the brain. Whether or not 
definite aminergic pathways utilize FGFs remains to 
be elucidated. 

Among the aminergic systems, the pars compacta 
of the substantia nigra displayed a noticeable FGFR- 
l-like immunoreactivity. The neurons in this nucleus 
have been shown to express a high level of FGFR- 1 
mRNA. In addition, bFGF has been shown to exert 
trophic effects on midbrain dopaminergic cells. 12, 23,32 
Furthermore, mesencephalic dopamine neurons have 
been reported to contain bFGF. 2 - 6 - 43 Recently, we 
reported that Parkinson's disease may be 
accompanied by changes in bFGF content in 
dopaminergic cells of the substantia nigra. 42 It may be 
interesting to examine possible alterations of FGFR- 
1 expression in Parkinson's disease. The antiserum 
developed in this study and probes for FGFR-1 
mRNA should permit such a study in human brain. 

We have previously shown that aFGF-like 
immunoreactivity is richly distributed in structures 
covering the cerebral ventricle. 41 Abundant bFGF 
and its mRNA have also been demonstrated in the rat 
subfornical organ. 13 In this report, we found intense 
staining for FGFR-l-like immunoreactivity in some 
of the circumventricular organs. Since significant 
amounts of both aFGF and bFGF are detectable in 
the cerebrospinal fluid,' 6 both FGFs may be released 
from these structures contacting the cerebrospinal 
fluid. However, signal peptides for secretion were 
lacking in aFGF and bFGF. It is thus possible that 
secreted forms of FGFR-1 may play a role as a 
carrier of FGFs secretion. 18, 51 Obviously, further 
studies will be required to clarify the unique secretory 
and uptake mechanisms of FGFs. 

Under neuropathological conditions the expression 
of FGFs has recently been shown to be upregulated, 
particularly in reactive astrocytes after brain in- 
jury. 142226 - 30 Moreover, we and others have reported 
that astrocytes containing increased levels of either 
aFGF or bFGF are found in the brains of 
Alzheimer's disease patients 39,40,54 and patients with 
amyotrophic lateral sclerosis. 54 Since FGFs act 
potentially trophically on neurons, glia cells and 
endothelial cells, the enhanced FGF expressions may 
have some significance in the maintenance of brain 
cells suffering from neurological diseases. To test this 
hypothesis, precise information is required concern- 
ing the interaction between cells expressing FGFs and 
their target cells bearing FGF receptors. 
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Abstract In angiogenesis associated with tissue repair 
and disease, fibrin and inflammatory mediators are of- 
ten involved. We have used three-dimensional fibrin 
matrices to investigate the humoral requirements of hu- 
man microvascular endothelial cells (hMVEC) to form 
capillary-like tubular structures. bFGF and VEGF 165 
were unable to induce tubular structures by themselves. 
Simultaneous addition of one or both of these factors 
with TNFa induced outgrowth of tubules, the effect be- 
ing the strongest when bFGF, VEGF 165 , and TNFa 
were added simultaneously. Exogenously added u-PA, 
but not its nonproteolytic amino-terminal fragment, 
could replace TNFa, suggesting that TNFa-induced 
u-PA synthesis was involved. Soluble u-PA receptor 
(u-PAR) or antibodies that inhibited u-PA activity pre- 
vented the formation of tubular structures by 59-99%. 
e-ACA and trasylol which inhibit the formation and 



activity of plasmin reduced the extent of tube forma- 
tion by 71-95%. TNFa or u-PA did not induce tubular 
structures without additional growth factors. bFGF and 
VEGF 165 enhanced of the u-PAR by 72 and 46%, but' 
TNFa itself also increased u-PAR in hMVEC by 30%. 
Induction of mitogenesis was not the major contribu- 
tion of bFGF and VEGF 165 because the cell number did 
not change significantly in the presence of TNFa, and 
tyrphostin A47, which inhibited mitosis completely, re- 
duced the formation of tubular structures only by 28- 
36%. These data show that induction of cell-bound u-PA 
activity by the cytokine TNFa is required in addition to 
the angiogenic factors VEGF 165 and/or bFGF to induce 
in vitro formation of capillary-like structures by hMVEC 
in fibrin matrices. These data may provide insight in the 
mechanism of angiogenesis as occurs in pathological 
conditions. 



Angiogenesis, the formation of new blood vessels 
/\ from existing ones, plays an important role in the 
J_ \. development and progression of various patholog- 
ical processes, such as tumor development and rheumatoid 
arthritis (Folkman and Klagsbrun, 1987; Liotta et ah, 1991; 
Folkman and Shing, 1992; Montesano, 1992; Colville-Nash 
and Scott, 1992). Fibrin (Dvorak et al., 1992), inflamma- 
tory cells (Polverini, 1989), and angiogenic factors (Broad- 
ley et al., 1989; Klagsburn and D'Amore, 1991; Shweiki et 
al., 1992; Plate et al., 1992; Senger et al., 1993; Koch et al., 
1994) are commonly observed in angiogenesis associated 
with disease in man. A series of sequential events can be 
distinguished during the formation of new microvessels: 
(a) degradation of the vascular basement membrane and 
the fibrin or interstitial matrix by endothelial cells; (b) en- 
dothelial cell migration; (c) endothelial proliferation; and 
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(d) the formation of new capillary tubes and a new base- 
ment membrane (Folkman, 1986). 

It is generally assumed that urokinase-type plasminogen 
activator (u-PA) 1 and its inhibitor, the plasminogen activa- 
tor inhibitor I (PAI-1), are involved in the regulation of 
the first steps of angiogenesis, i.e., local proteolytic remod- 
eling of matrix proteins and migration of endothelial cells 
(Pepper et al., 1987; Bacharach et al., 1992; Niedbala et al., 
1992; van Hinsbergh, 1992; Vassalli, 1994). u-PA converts 
plasminogen into the broadly acting serine protease plas- 



1. Abbreviations used in this paper. ATF, amino-terminal fragment of 
u-PA: bFGF. basic fibroblast growth factor: e-ACA. e-aminocaproic acid: 
hMVEC. human microvascular endothelial cells: HUVEC human umbilical 
vein endothelial'cells; l25 I-DIP-u-PA. 125 I-labeled diisopropylfluorophos- 
phate-treated u-PA: MMP. matrix metalloproteinase: NBCS, newborn 
calf serum: PBS-T. PBS supplemented with 0.02% (vol/vol) Tween 20; 
PAI-1, plasminogen activator inhibitor I: t-PA, tissue-type plasminogen 
activator; TNFa. tumor necrosis factor-a; u-PA, urokinase-type plasmino- 
gen activator; scu-PA. single-chain urokinase-type plasminogen activator; 
u-PAR. cellular receptor for u-PA; VEGF t65 . 165-kD vascular endothelial 
cell growth factor. 
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min, which in turn is able to both degrade fibrin and other 
matrix proteins, and to activate several matrix metallopro- 
teinases (MMPs), in particular stromelysin-1 (MMP-3), in- 
terstitial collagenase (MMP-1), and gelatinase-B (MMP-9) 
(Woessner, 1991; Docherty et al., 1992; Matrisian, 1992; 
Nagase, 1994). In human endothelial cells the synthesis of 
u-PA and several of these matrix metalloproteinases is en- 
hanced by the inflammatory mediators, tumor necrosis 
factor-a (TNFa) and interleukin-1 (van Hinsbergh et al., 
1990; Hanemaaijer et al., 1993). The activity of u-PA is lo- 
calized by a specific cellular receptor (u-PAR) to the cell 
surface (Blasi et al., 1994; Dan0 et al., 1994). The inactive 
single chain form of u-PA binds to u-PAR and is con- 
verted into its active form. In the cell environment active 
two-chain u-PA is immediately inhibited by PAI-1 (Losk- 
utoff, 1991). The u-PAR enhances this activation and may 
temporarily protect u-PA activity (Eliis et al., 1991), and 
provides the cell with the ability to degrade extracellular 
matrix proteins in a controlled manner (Quax et al., 1991). 
In endothelial cells the u-PAR expression is enhanced by 
the angiogenic factors bFGF (Mignatti et al., 1991) and 
VEGF (Pepper et al., 1992) and by activation of protein 
kinase C and elevation of cyclic AMP concentration (Bar- 
nathan et al, 1990; Langer et al., 1993; van Hinsbergh, 1992). 

The formation of capillary structures in three-dimen- 
sional matrices of fibrin and collagen has been studied in 
vitro with bovine endothelial cells (Pepper et al., 1990; 
Madri et al., 1991; Montesano, 1992; Goto et al., 1993) and 
rat aorta explants (Nicosia and Ottinetti, 1990). Pepper et 
al. (1990) demonstrated that the formation of capillary-like 
tubular structures in a three-dimensional fibrin or collagen 
matrix is induced by addition of bFGF and counteracted 
by TGF0. In these bovine endothelial cells bFGF induces 
both u-PA activity and u-PAR expression, whereas TGFp 
predominantly enhanced PAI-1. A reproducible model to 
study the formation of capillary-like structures in fibrin 
matrices with human endothelial cells has not yet been 
available. Although bFGF also enhances u-PAR expres- 
sion in human endothelial cells (Mignatti et al., 1991), it is 
still unable to increase u-PA expression in these endothe- 
lial cells (see below). 

We have investigated the minimal requirements for hu- 
man endothelial cells to form capillary-like tubular struc- 
tures in three-dimensional fibrin matrices. Our data indi- 
cate that in addition to angiogenic growth factor(s), an 
inflammatory mediator, TNFa, is required and u-PAR- 
bound u-PA activity is involved in the formation of capil- 
lary-like tubular structures of human microvascular endo- 
thelial cells in these fibrin matrices. 

Materials and Methods 
Materials 

Medium 199 (M199) supplemented with 20 mM Hepes was obtained from 
Flow Labs. (Irvine. Scotland); tissue culture plastics and Transwell sys- 
tems were from Costar (Cambridge, MA). Penicillin/streptomycin and * 
bFGF was purchased from Boehringer Mannheim (Mannheim, FRG). A 
crude preparation of endothelial cell growth factor was prepared from bo- 
vine hypothalamus as described by Maciag et al. (1979). Human serum 
was obtained from a local bloodbank and was prepared from fresh blood 
from 10-20 healthy donors, pooled, and stored at 4°C; it was not heat- 
inactivated before use. Newborn calf serum (NBCS) was obtained from 
GIBCO BRL (Gaithersburg, MD). heparin and thrombin from Leo Phar- 



maceutics Products (Weesp, The Netherlands), human fibrinogen from 
Chromogenix AB (Molndal, Sweden) and horseradish peroxidase (HRP) 
from Sigma Chem. Co. (St. Louis, MO). Factor XIII was generously pro- 
vided by Dr. H. Keuper (Behringwerke, Marburg, Germany), human re- 
combinant VEGF I65 was prepared as described (Fiebich et al., 1992). Hu- 
man recombinant TNFa was a gift from Dr. J. Travemier (Biogent Gent 
Belgium) and contained 2.45 X 10 7 U/mg protein and <40 ng lipopolysac- 
charide per jig protein. Rabbit polyclonal anti-u-PA antibodies and rab- 
bit polyclonal anti-t-PA antibodies were prepared in our laboratory. Sin- 
gle-chain u-PA (Orsini et al., 1991) was kindly provided by Dr A 
Molinari (Farmitalia, Carlo Erbe, Milan, Italy), the amino terminal frag- 
ment of u-PA (ATF: amino acids 1-143) was provided by Abbott (Abbott 
Park, IL). Tyrphostin A47 was obtained from LC Laboratories (Woburn 
MA). Aprotinin was purchased from Pentapharm Ltd. (Basel, Switzer- 
land), e-aminocaproic acid (e-ACA) was purchased from Merck (Darms- 
tadt, Germany) and CHO cell supernatant containing soluble u-PA receptor 
(Wilhelm et al., 1994) was a gift from Dr. U. Weidle (Boehringer-Mann- 
heirn. Penzberg, Germany). Purified soluble u-PAR was obtained by af- 
finity chromatography using u-PA^coupled Sepharose (>95% pure as de- 
termined using SDS-PAGE analysis). 

Cell Culture 

Human foreskin microvascular endothelial cells (hMVEC) and human 
umbilical vein endothelial cells (HUVEC) were isolated, cultured, and 
characterized as previously described (Van Hinsbergh et al., 1987, 1990; 
Defilippi et al., 1991a). Cells were cultured on fibronectin-coated dishes in 
M199 supplemented with 20 mM Hepes (pH 7.3), 10% human serum, 
10% heat-inactivated NBCS, 150 u^g/ml crude endothelial growth factor, 5 
U/ml heparin, 100 IU/ml penicillin, and 100 fxg/ml streptomycin at 37°C 
under 5%C0 2 /95% air atmosphere. 

For the evaluation of the role of TNFa, bFGF, and VEGF 165 on the 
production of u-PA. tissue-type plasminogen activator (t-PA) and PAI-1, 
and on the u-PA receptor expression, hMVEC were cultured on fibronec- 
tin-coated culture dishes without growth factor for 2 d. Thereafter, the en- 
dothelial cells were stimulated with bFGF, VEGF 165 , or TNFa in M199 
supplemented with 10% human serum and penicillin/streptomycin for 24 h. 
The supernatants were collected for the determination of u-PA antigen, t-PA 
antigen, and PAI-I antigen by ELISA; the cells were used to determine 
the u-PA-binding capacity (see below). 

ELISAs 

u-PA ELISA. The monoclonals used in this ELISA were produced in our 
laboratory, and recognized single-chain u-PA, two-chain u-PA, and the 
u-PA/PAI-1 complex with comparable efficiency. 96-well microtiter plates 
were coated overnight at room temperature with 100 uj of a mixture of 
two monoclonal antibodies. UK 2.1 and UK 26.15, recognizing different 
epitopes on the u-PA antigen (0.5 u.g/ml each in phosphate buffered sa- 
line. PBS). After washing with PBS-0.02% Tween 20 (PBS-T), the plates 
were incubated for 1 h with 150 uj of 0.1% (wt/vol) casein in PBS-T to 
block nonspecific protein binding to the plates. The plates were then 
washed three times with PBS-T and 100 p.1 of serial dilutions of standard 
u-PA (UKIDAN®, Serono. Aubonne. Switzerland, assuming that one 
unit, as determined by the manufacturer, is 10 ng protein) or culture su- 
pernatant were added. After 2 h at 37°C, the plates were washed three 
times and incubated with 100 |xl of a biotinylated anti-u-PA antibody 
(LMW 11.1. 0.4 M.g/ml in PBS-T containing 0.1% casein) for 1.5 h at 37°C 
followed by a 1-h incubation with 100 u.1 of HRP conjugated to avidin 
(1:5.000; Pierce Chem. Co., Rockford, IL). Finally, the plates were washed 
four times with PBS-T, and 100 uJ of tetramethylbenzidine substrate was 
added to react and the reaction was stopped with 50 u,l 2 M H 2 S0 4 after 15 
min incubation at room temperature. The extinction at 450 nm was measured 
with a multichannel spectrophotometer (Titertek multiscan, Flow Labs.). 

PAI-I ELISA. Levels of PAI-1 antigen in endothelial cell conditioned 
media were assayed by ELISA (IMULYSE™PAM) obtained from 
Biopool (Umea. Sweden), according to the manufacturer's description. 

t-PA ELISA. Assay of t-PA antigen was performed with the ELISA 
Thrombonostika t-PA (Organon-Teknika. Turnhout, Belgium) as de- 
scribed by Bos et al. (1992). In this assay, free t-PA and t-PA:PAM com- 
plexes are detected with equal efficiency. 



Determination of Specific u-PA Binding 

Diisopropylfluorophosphate-treated u-PA (Ukidan®) (DIP-u-PA) was 
radiolabeled using Na l25 I according to the lodogen procedure (Pierce 
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An increase in 125 I-DIP-u-PA binding was also detected 
after incubation of hMVEC with TNFa (Fig. 1 D; Table I). 
This was observed in seven independent hMVEC cultures 
(130 ± 40% increase, mean ± SD), whereas it was not 
found in four independent cultures of HUVEC (83 ± 4%). 

Effect of bFGF, VEGF 165 , and TNFa on Angiogenesis 
In Vitro 

To investigate the ability of bFGF, VEGF 165 , and TNFa to 
induce human endothelial cell tube formation in vitro, 
hMVEC were cultured on three-dimensional fibrin matri- 
ces in the continuous presence of 50 ng/ml bFGF, 100 ng/ 
ml VEGF 165; 4 ng/ml TNFa, or combinations of these me- 
diators. After 8-10 d of culture, invading cells and the for- 
mation of tubular structures of endothelial cells in the 
three-dimensional fibrin matrix were analyzed by phase 
contrast microscopy, and, after fixation of the matrices, by 
histological examination of cross-sections. In unstimulated 
cultures and in cultures stimulated with TNFa, confluent 
monolayers of endothelial cells remained on top of the 
three-dimensional fibrin matrix, but invading endothelial 
cells and tubular structures in the fibrin matrix could not 
be observed (Fig. 3, a and 6, and 4 a). Addition of bFGF, 



VEGF 165 , or the combination of bFGF and VEGF 165 to 
the hMVEC induced an increase in the number of endo- 
thelial cells on the fibrin matrix (130-155% of control af- 
ter stimulation with VEGF 165 or bFGF, respectively). 

Table I. Binding of n5 I-DIP-u-PA to Human Endothelial Cells 



Binding of l25 I-DIP-u-PA (Percent of control) 



Addition 


hMVEC 




HUVEC 


None 


100 . <« = 


8) 


100 (n = 17) 




(2.6 ± 1.3 fmol/ 




(6.4 ± 3.2 fmol/ 




10 5 cells) 




10 5 cells) 


bFGF (20 ng/ml) 


172 ±25* (n = 


8) 


178 ±33* («=I7) 


TNFa (20 ng/ml) 


130 ±40 (n = 


7) 


83 ± 4 (n = 4) 


VEGF (100 ng/ml) 


146 ± 40* (n = 


6) 


156 ±27* (n = 4) 



Binding of i:5 I-DIP-u-PA lo hMVEC was determined al 0°C Receptor- bound endog- 
enous u-PA was removed by pH treatment as described in Materials and Methods. Af- 
ter washing, the cells were incubated with 7.5 nM U5 I-DlP-u-PA for 3 h. In parallel in- 
cubations a 50- fold excess of unlabeled DIP-u-PA was included to assess nonspecific 
binding. Unbound ligand was removed by extensive washing with ice-cold PBS. Cell- 
bound ligand was solubiiized in 0.3 M NaOH. and radioactivity was determined in a 
7-counter. Specific binding was calculated by subtraction of nonspecific binding. The 
data represent the mean ±SD. 

*p<om. 

% P < 0.05. 
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Figure 2. Scatchard analysis of the binding of 125 I-DIP,u-PA to 
hMVEC. hMVEC were preincubated for 24 h in M199 medium, 
1G% human serum supplemented with 20 ng/ml bFGF (A), 100 
ng/ml VEGF 165 (□), 20 ng/ml bFGF plus 100 ng/ml VEGF 165 (V), 
or without growth factor (O). Subsequently, the cells were cooled 
on ice and binding of ,25 I-DIP-u-PA was performed as described 
in the Materials and Methods section. The results of the binding 
of l25 I-DIP-u-PA are shown in the inset. 



However, these growth factors failed to induce the forma- 
tion of tubular structures of endothelial cells in the fibrin 
matrix (Fig. 3. c-e). When TNFa was added simulta- 
neously with bFGF or VEGF 165 to the hMVEC monolay- 
ers, the formation of tubular structures was induced (Fig. 
3, /and g), whereas. the number of endothelial cells on top 
of the fibrin matrix was not significantly changed (95% of 
control) compared with nonstimulated conditions. Control 
experiments revealed that the amount of TNFa used in 
the experiments completely inhibited the bFGF- and 
VEGFi 65 -induced increase. in endothelial cell number on 
top of the fibrin matrix (data not shown). The growth of 
the tubular structures started after 4-5 d of stimulation 
and was optimal at day 8-10 after continuous stimulation 
of the endothelial cell monolayers. However, when hMVEC 
were stimulated with VEGF 165 , bFGF, and TNFa simulta- 
neously, a more than additive effect of these factors was 
observed (Fig. 3 /* and Fig. 4 b). 

Dose-response experiments using VEGF l65 and bFGF 
in the presence of 4 ng/ml TNFa showed that the minimal 
concentration of VEGF 165 and bFGF to induce formation 
of tubular structures of hMVEC was 10 ng/ml and 0.5 ng/ 
ml, respectively, whereas the maximal formation of tubu- 
lar structures in the presence of 4 ng/ml TNFa required 
the combination of 100 ng/ml VEGF l65 and 50 ng/ml 
bFGF (data not shown). 

Histological analysis of the cross-sections perpendicular 
to the surface of the matrix, showed that these capillary- 
like structures were located in the fibrin matrix under- 
neath the endothelial cell monolayer. The capillary-like 
structures consist of hMVEC surrounding a lumen (Fig. 4 
d. arrows). Electron microscopy analyses revealed that 
these hMVEC had cellular polarization, pinocytotic vesi- 
cles at the lumenal side, and a basement membrane at the 
basolateral side of the cell (data not shown). Furthermore 



these electron microscopy analyses of capillary-like struc- 
tures of hMVEC revealed remodeling of the fibrin matrix at 
the basolateral side of the endothelial cells (Fig. 4 e, arrows). 

Similar results were obtained when two other strains of 
hMVEC from different donors were used. When five dif- 
ferent HUVEC isolations were used, heterogenous results 
were obtained. Three cultures formed tubular structures 
just like the three hMVEC cultures: only after the addition 
of TNFa in combination with bFGF and/or VEGF 165 . One 
HUVEC isolation did not invade the fibrin matrix, even 
after the addition of bFGF, VEGF 165 and TNFa, whereas 
the fifth HUVEC culture formed tubular structures spon- 
taneously (data not shown). 

Long-Term Effect of bFGF, VEGF l65 , and TNFa 
on the Production of u-PA and PAI-1 by Human 
Microvascular Endothelial Cells 

The secretion of u-PA and PAI-1 by the hMVEC cultured 
on the fibrin matrix was followed during the time period of 
the formation of tubelike structures of these hMVEC. The 
u-PA concentration in the supernatants of unstimulated 
hMVEC did not increase significantly during the culture 
period of 10 d (Fig. 5 A). Incubation of the hMVEC with 
bFGF, VEGF 165 , or the combination of these two growth 
factors did not induce an increase in u-PA production. The 
initial accumulation of u-PA in the endothelial cell condi- 
tioned medium during the first 24-h incubation of hMVEC 
with TNFa (Fig. 1), disappeared during prolonged incuba- 
tion of hMVEC with TNFa. However, the PAI-1 produc- 
tion rate continued to increase during the 10-d culture pe- 
riod in the presence of TNFa (Fig. 5 B). We observed a 
continued increase in the u-PA production rate by hMVEC 
when TNFa was added in combination with either bFGF 
or VEGF 16S , or both growth factors (Fig. 5 A). Similarly, 
PAI-1 antigen production rate by the hMVEC increased 
during this culture period (Fig. 5 B). 

Role of Plasminogen Activators, u-PA Receptor, and 
Plasmin during In Vitro Angiogenesis 
The role of u-PA, t-PA, and the role of the expression of 
u-PAR during the formation of tubular structures of 
hMVEC in the fibrin matrices was studied by the addition 
of u-PA or t-PA specific antibodies which inhibit PA activ- 
ity and by the addition of soluble u-PAR. Both the u-PA 
specific polyclonal antibodies, the soluble u-PAR contain- 
ing CHO supernatant, and affinity-purified soluble u-PAR 
inhibited the formation of tubular structures (Table II). 
Furthermore, there was also a decrease in the diameter of 
the tubes after the addition of the u-PA inhibitors (data 
not shown). In contrast, polyclonal antibodies inhibiting 
t-PA activity, preimmune serum arid control supernatants 
of CHO cells did not inhibit the formation of tubelike 
structures significantly. Addition of aprotinin or e-ACA 
also inhibited the formation of tubular structures for -71- 
95%, respectively, indicating that plasmin activity, which is 
probably generated by u-PA, is also involved in the forma- 
tion of tubular structures in the fibrin matrix. When fibrin 
matrices were made using plasminogen-depleted fibrino- 
gen, no ingrowth of endothelial cells and formation of tu- 
bular structures was observed (data not shown). 
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Figure 3 In _ vitro angiogenesis induced by bFGF. VEGF 165 , and TNFa. hMVEC were cultured on the surface of a three-dimensional fi- 
brin matrix in M199 medium supplemented with 10% human serum and 10% NBCS and stimulated without ( fl ) or with 4 ng/ml TNFa 

Son of K J i C) i ^ t E ?^ 6s d) - bFGF 3nd VEGF|65 (e) - bFGF and TNFa W' VEGF '«' and TNF « <*>• or the combina- 
tion of all three mediators (h). After 10 d of culture, nonphase contrast views were taken; the plane of focus is beneath the endothelial 
surface monolayer. Bar represents 500 u.m. 
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Formation ofTubelikeStmctu^s of mVEC 
by Simultaneous Addition of bFGF, VEGt t65 , ana 
Single-Chain u-PA 

An increase of u-PA (induced by TNFa in comWnadan 
with bFGF and VEGF 165 ) and the presence of "- pA ^ e " 
hanced by bFGF and VEGF 165 ) ^ems to be required for 
the formation of tubelike structures of hMVEC ,n the f. 
brin matrix. To investigate whether the production of 
u-PA by bFGF- and VEGF 165 -stimulated hMVEC is the 
limlg step in the formation of the tubehke structures, 



exogenous single-chain u-PA 

hMVEC cultured on the fibrin matrix. Addition of scu-FA 
runstrmulated hMVEC or hMVEC stimulated w.th low 
doses TbFGF and VEGF 165 , which are sufficient to rn- 
'u e mitogenicity but cause a moderate mcrease „n u-PAR 
did not significantly induce the formation of tubelike 
structu es (Fig. 6). However, addition of 10 ng/ml scu-PA 
!o™ MVEC stimulated with higher amounts of bFGF and 
VE^re suited in the formation of tubelike structures 
I the f brin matrix. The total length of these mduced tube- 
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Figures. u-PA and PA I- 1 production by long-term hMVEC cultures on fibrin matrices. hMVEC were cultured on the surface of a 
^ ee -^mensional I hbnn matrix in M199 medium supplemented with 10% human serum and 10% NBCS (□), and stimulated with bFGF 

SThY J 165 - ( } " U A PAI_l anUgen W3S determined b y ELISA as described and the production was expressed as 

ng/24 h (production rate) or ng/well (cumulative production). Similar results were obtained in four independent experiments 



like structures was higher as compared to that induced by 
the addition of TNFa. Addition of the amino terminal 
fragment (ATF) of u-PA did not induce the outgrowth of 
tubular structures in the fibrin matrix (Fig. 6). 

Mitogenesis Stimulates but Is Not Essential for the 
Formation of Tubular Structures 

Both bFGF and VEGF 165 are mitogenic factors for human 
endothelial cells. Maximal [ 3 H]thymidine incorporation is 
reached at 1-4 ng/ml bFGF or VEGF I65 (data not shown), 
a much lower concentration needed to increase u-PAR ex- 
pression. This suggests that different receptors are in- 
volved in the mitogenesis and the induction of u-PAR. 
This suggestion is further strengthened by the observation 
that [ 3 H]thymidine incorporation and cell proliferation in- 
duced by bFGF or VEGF 165 are inhibited by the tyrosine ki- 
nase inhibitor tyrphostin A47 (Fig. 7 A), whereas the induc- 
tion of the u-PAR is not affected by this inhibitor (Fig. 7 B). 

To investigate whether endothelial cell proliferation is 
important in our in vitro angiogenesis model, we added 
the tyrphostin A47 to hMVEC stimulated with a combina- 
tion of bFGF, VEGF,^. and TNFa. Addition of 10 u-g/ml 
tyrphostin A47, inhibited the bFGF- and VEGF-induced 
hMVEC proliferation completely (Fig. 7 A) but did not af- 



fect the expression of the u-PAR (Fig. 7 5), u-PA, or PAI-1 
expression (data not shown). This concentration of tyr- 
phostin A47 reduced the formation of tubular structures in 
the fibrin matrix for 28-36% only (Table II). Control ex- 
periments indicated that the amount of tyrphostin A47 in 
the conditioned media after 48 or 72 h incubation was still 
sufficient to completely inhibit basal and bFGF-induced 
[ 3 H]thymidine incorporation in endothelial cells (data not 
shown). This indicates that proliferation is not essential for 
the formation of tubular structures of human endothelial 
cells. 



Discussion 

Fibrin, angiogenic factors, and inflammatory cells are com- 
monly present in pathological forms of angiogenesis in the 
adult. In this study we report that, in addition to angio- 
genic growth factors bFGF and VEGF 165 , the cytokine 
TNFa is required to induce capillary-like tubular struc- 
tures of hMVEC in a three-dimensional fibrin matrix. 

Furthermore, we demonstrate that the contribution of 
TNFa, which among many other effects induces u-PA pro- 
duction (van Hinsbergh et aL 1990), is mainly due to its 
ability to increase receptor-bound u-PA activity because 
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Table 11 Effect of Various Inhibitors on the Formation of Tubular Structures of Human I\ 



Microvascular Endothelial Cells In Vitro 



Addition 



None 

bFGF + VEGF lfi5 + TFNa 

bFGF + VEGF 165 + TFNa 
-f anti-u-PA serum 
+ anti-t-PA serum 
+ preimmune serum 

+■ soluble u-PA receptor 
+ aprotinin 
+ e-ACA 
+ tyrphostin A47 



Experiment 1 



Experiment 2 



Experiment 3 



tube length 



inhibition 



tube length 



inhibition 



lube length 



inhibition 



fjjn 

6333 ± 4033 
106833 ± 10000 

16667 ± 2500* 
ND 
ND 

48000 ± 2033* 
35167 ± 11553* 
ND 

68833 ± 7320 



2667 ± 767 
105167 ± 7887 



1040 ± 227 
148073 ± 18007 



90 



59 
71 

36 



22667 




1153* 


80 


3107 ± 433* 


86500 


± 


16933 


18 


153460 ± 16653 


70667 




11167 


33 


145867 ± 28800 


5167 




2180* 


96 


12440 ± 7753* 


8833 




1687* 


94 


ND 


7553 




3087* 


95 


ND 


73404 


± 


10980 


31 


106465 ± 5587 



99 
4 
1 

92 
28 



^^^^ 

comb.na.ion of bFGF (50 ng/ml). VEGF, 65 (100 ng/ml). and TNFa (4 ng/ml) w. h or wuhao. b Uxkmj am -u PA am «™£ I P ^ ^ 

lu.ion). 0.5 wftnl solub.e u-PA receptor (CHO supema.an, ,Exp S . I ^^ul »V-1^I^3IM» f^^™"/ equipped wUh Zonocnrome CCD 

^^^^ 

*P<QX)\. 
*P < 0.05. 



u-PA but not its amino terminal fragment (ATF) can re- 
place TNFa, and the formation of tubular structures is in- 
hibited by anti-u-PA antibodies, soluble u-PAR, and plas- 
min inhibitors. 

Our data closely agree with previous studies of Pepper 
et al. (1990, 1992) who demonstrated with bovine adrenal 
microvascular endothelial cells that bFGF or VEGF 165 en- 
hanced endothelial cell migration and formation of capil- 
lary-like structures in a fibrin matrix by stimulation of re- 
ceptor-bound u-PA activity, and that these growth factors 
acted synergistically to each other. On the other hand, our 
data seem to contrast with these studies (Pepper et al, 
1990. 1992) because bFGF and VEGF 165 themselves were 



unable to induce tubelike structures of hMVEC. This dif- 
ference can be explained by the fact that bFGF and 
VEGFi 65 are potent inducers of both u-PA and u-PAR in 
bovine cells (Saksela et al., 1987; Pepper et al., 1991, 1993), 
but bFGF and VEGF 165 do not enhance u-PA production 
in human endothelial cells (Bikfalvi et al, 1991; this 
study). However, a combination of angiogenic growth fac- 
tors) and TNFa, which is a strong inducer of u-PA in hu- 
man endothelial cells (van Hinsbergh et al., 1990; Niedbala 
et al., 1992) provides the requirements needed for the for- 
mation of capillary-like structures of hMVEC in vitro. 

TNFa has multiple effects on endothelial cells, including 
the induction of leukocyte adhesion molecules (Bevilac- 



2 ng/ml bFGF 
10 ng/ml VEGF 



20 ng/ml bFGF 
100 ng/ml VEGF 



250000 




X 



** 



C TNF uPA ATF C TNF uPA ATF C TNF uPA ATF 

addition 



Figure 6. Formation of tube- 
like structures of hMVEC by 
simultaneous addition of 
bFGF. VEGF 165 , and single- 
chain u-PA. hMVEC were 
cultured on the surface of a 
three-dimensional fibrin ma- 
trix in M199 medium supple- 
mented with 10% human se- 
rum and 10% NBCS and 
stimulated with the combina- 
tion of bFGF. VEGF 165 (as 
indicated), and either TNFa 
(4 ng/ml), single-chain u-PA 
or ATF (10 ng/ml). Total 
tube-length/cm 2 ± SEM was 
determined of triplicate wells 
as described. 
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Figure 7. Induction of mitogenesis and u-PAR expression by 
bFGF and VEGF )65 proceed by different pathways. Effect of the 
tyrosine kinase inhibitor tyrphostin A47 on basal and bFGF and/ 
or VEGF 165 induced proliferation and pericellular u-PA expres- 
sion of hMVEC. (A) Subconfluent hMVEC were cultured in the 
absence (□) and presence (■) of 20 ng/ml bFGF for 18 h in the 
presence of increasing amounts of tyrphostin A47. After 18 h, a 
tracer amount of [ 3 H]thymidine was added to the medium and 
the incubation continued in the same medium for another 6 h and 
[ 3 H]thymidine incorporation was determined as described in the 
Materials and Methods section. (B) Confluent hMVEC were cul- 
tured for 24 h in M199 medium supplemented with 10% human 
serum (□) or in M199 supplemented with 10% human serum and 
50 ng/ml bFGF and 50 ng/ml VEGF I65 (■). u-PAR expression 
was determined by the binding of 125 I-DIP-u-PA to the endothe- 
lial cells as described in the legend of Fig. 2. 



qua et al., 1994), induction of inducible forms of cyclooxy- 
genase and nitric oxide synthase (Hla and Neilson, 1992; 
Gross et al., 1992), enhanced expression of integrins (De- 
filippi et al, 1991*1,6), inhibition of mitogenesis (Frater- 
Schroder et al., 1987; Cavender et al., 1989), and induction 
of u-PA and PAI-1 (van Hinsbergh et al., 1988, 1990; 
Schleef et aL 1988). Our observation that soluble u-PAR 



and antibodies, which inhibit u-PA activity, markedly in- 
hibited the formation of capillary-like structures, suggests 
a role of TNFa-induced u-PA. This suggestion is strength- 
ened by the finding that, similar to TNFct, u-PA can in- 
duce the outgrowth of tubular structures but only in the 
presence of bFGF and/or VEGF 165 . It is likely that the ef- 
fect of u-PA involves proteolytic activation of plasmino- 
gen by receptor-bound u-PA because the ATF of u-PA, 
which binds similarly to the u-PAR receptor but has no 
proteolytic activity, was inactive. Furthermore, inhibition 
of plasminogen activation by e-ACA, inhibition of plasmin 
activity by aprotinin or plasminogen withdrawal also re- 
duced the outgrowth of tubular structures. 

bFGF and VEGF increased the number of u-PAR in 
human endothelial cells (Mignatti et al., 1991; this study). 
Although this may contribute to an increase in u-PA activ- 
ity on the cell surface, it is unlikely that the effect of the 
angiogenic growth factors on the stimulation of tubular 
outgrowth is mainly due to u-PAR enhancement. TNFa, 
which in hMVEC causes a 30% increase in u-PAR in addi- 
tion to inducing u-PA synthesis, had no effect when it was 
added to the cells alone. bFGF and VEGF both are potent 
mitogens for hMVEC. However, it is unlikely that stimula- 
tion of mitogenesis is the predominant effect of these 
growth factors because little cell proliferation is observed 
in the presence of TNFa, and a potent inhibitor of both 
bFGF- and VEGF-induced mitogenesis tyrphostin A47 
had only a moderate inhibitory effect on the outgrowth of 
tubular structures. Furthermore, the optimal concentra- 
tions needed to induce mitogenesis and tubular structures 
differ an order of magnitude both for bFGF and VEGF. 
Whether this reflects the involvement of different recep- 
tors for bFGF and VEGF in mitogenesis and the forma- 
tion of tubular structures remains to be investigated. 

The importance of additional mechanisms by which 
bFGF and VEGF may act is stressed by our observation 
that during long-term stimulation of hMVEC with TNFa, 
the presence of growth factors (bFGF or VEGF 165 ) is nec- 
essary to give an accelerating u-PA production after several 
days of incubation. This unexpected observation may sug- 
gest that the addition of bFGF and/or VEGF 165 to. hMVEC 
facilitates hMVEC to respond to TNFa with regard to u-PA 
production during continuous exposure to TNFa. If that 
would be the case, addition of u-PA instead of TNFa 
would not require addition of bFGF and VEGF 165 for the 
induction of tubular structures. Our data indicate that at 
low concentrations of bFGF and VEGF 165 u-PA has a rel- 
atively larger effect than TNFa, but that it does not induce 
tubular structures in the absence of the growth factors. It 
should be noted that at present it is not yet known whether 
the increased u-PA production after prolonged incubation 
in the simultaneous presence of TNFa, bFGF, and VEGF 165 
is the consequence of an increased number of invading 
hMVEC or the prerequisite for hMVEC to continue the 
invasion into the fibrin gel. 

The involvement of u-PA activity in the invasion of en- 
dothelial cells into the fibrin matrix draws the attention to 
the proteolytic properties of the u-PA/u-PAR system. 
However, it should be taken into account that disruption 
of cell-matrix interaction is only one side of the coin. Si- 
multaneously, the cell has to create new attachment sites 
by which it "pulls" itself into the fibrin matrix. It is likely 
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•hat the mediators used in our model also act on such at- 
achment sites, e.g., by regulation of integrin expression by 
SgF (Enenstein et al., 1992) or TNFot (De il.pp.et al 
Tmb) In this context, the recent observat.on that the 
PAR can act as an adhesion receptor for "tronectm and 
h at u PA increases the interaction of u-PAR w. h v, 
Jonectin are of interest (Wei et al., 1994; Rao et al., 1995). 
Sancement of the number of occupied -PA receptors 
not only provides the cell with an enhanced local pro- 
eolytic capacity but also provides the cell the capacity to 
orm new attachment sites with the extracellular matrix 
macules. This mechanism may prov.de the endothelial 
cells with an enhanced capacity to migrate in the fibrin 
matrix. Vitronectin binds avidly to fibrin and hence may 
Improve the suitability of the fibrin meshwork for cell .n- 

^The data presented here, u-PA-dependent formation of 
capillary-like structures of hMVEC in fibrin matnces, may 
eem to be contrary to the fact that u-PA^e .c.ent mice 
develop a normal embryonic and adult vasculature (Car- 
meliet and Collen, 1994). To our knowledge, the forma- 
tion of blood vessels during embryonic development is in- 
dependent of the presence of fibrin and inflammatory 
mediators, whereas angiogenesis in the adult usually in- 
volves fibrin and inflammatory cells. Furthermore, u-PA- 
deficient mice do have problems with several processes in 
which u-PA is thought to be involved, such as migration of 
smooth muscle cells after vascular injury, which are depen- 
dent on the presence of a temporary fibrin matr.x (Carrne- 
liet and Collen, 1994). Our model is a reflection of patho- 
logical" angiogenesis, and is probably best comparable 
with angiogenic recanalization of a fibr.n clot or the for- 
mation of new blood vessels in the temporary f.bnn matrix 
present at sites of chronic inflammation. When angiogene- 
sis proceeds in a fibrous exudate, the matrix to be invaded 
contains different types of matrix proteins mc ud.ng col- 
lagens. It is likely that invading endothel.al cells then also 
attach to other matrix proteins, including collagens and 
that detachment of the cells needed for migrat.on requ.res 
additional proteases, such as stromelysin co lagenases, 
and gelatinases. It may be of significance that the .nflam- 
matory mediator TNFa induces, in addition to u-PA (van 
Hinsbergh et al., 1990; Niedbala et al., 1992). several o 
these matrix metalloproteinases in human endothelial 
cells (Hanemaaijer et al.. 1993). The contribute of these 
matrix-degrading proteinases in the format.on of tubular 
structures in fibrin and more complex matnces has still to 

be evaluated. . ... 

In summary, we found that in addition to endothelial 
cell growth factors (VEGF 165 and bFGF), the cytokine 
TNFa or exogenously addition of u-PA is needed to in- 
duce in vitro the formation of capillary-like structures by 
hMVEC Inhibition studies demonstrated that this induc- 
tion requires cell-bound u-PA activity. These data may 
provide insight in the mechanism of angiogenesis as oc- 
curred in pathological conditions in the adult. 
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S char aSerizaJion of growth factors from tissue and recombmant sources. 



Acidic fibroblast growth factor (aFGF) and basic 
fibroblast growth factor (bFGF) are two structurally 
related heparin binding proteins that share a 55% 
homology of their amino acid sequences (Gimenez- 
GaUegJet al., 1985; Esch et al., 1985a,b; Thomas and 
Gimenez-Gallego, 1986). Both proteins can bind to the 
same cell surface receptor (Neufeld and Gospodarowicz, 
1986 0 win and Hauschka, 1986) and have been 
demonstrated to elicit similar biological responses in 
vitro (Bohlen et al., (^l^rowia et al 1986b) 
and in vivo (Esch et al., 1985a). bFGF is wide y 
distributed among different cell types (Thomas et al 
1985- Gospodarowicz et al., 1986a; Lobb et al., 1986) 
white the distribution of aFGF has be^^rtjdtohe 

identified in tissue or cell extracts by their ^ffigent 
ionic strength of elution of autogenic activity Jrom 
heparin-Sepharose affinity chromatography (Gospoda- 
rowicz et a L, 1984; Bohlen et al., 1985; Lobb and Fett, 



1984; Esch et al., 1985a,b; Lobb et al 1986); 1 however, 
additional means are necessary for the specific identa- 
fiSSTS trace amounts of these molecules. Became of 
the structural similarity between aFGF and bFGF, it is 
likely That they contain similar antigenic epitopes and 
therefore may be recognized by the same antibodies. 
AntTbXs against into* bFGF isolated from various 
sources (Moscatelli et al., 1986; Mass ^f^) 9 ^ 
Srhelline et al., 1987; Bertolim and Hearn, 19»/J ana 

sequences present in bFGF (Bohlen et al., 1984, rJaird 
et a? 1985a- Wadzinski et al., 1987; Klagsbrun et al 
?986) have been used to characterize the production of 
thfs motecule by a variety of cells in vitro. Some of 
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these studies have demonstrated that antibodies 
against bFGF did not recognize aFGF (Moscatelh et al 
1986; Massoglia et al., 1987; Ferrara et al., 1987; 
Schweigerer et al, 1987b); however, reports character- 
izing specific antibodies raised against aFGF are lack- 

m We report here the demonstration that rabbit poly- 
clonal antibodies raised against ovalbumin conjugates 
of aFGF and the N a -terminal 24 amino acids of b*Lr* 
were able to specifically recognize with minimal cross- 
reactivity aFGF and bFGF, respectively using the tech- 
niques of 1) ELISA, 2) Western immunoblotting, and 3) 
specific removal of mitogenic activity from solution by 
protein A-Sepharose-immobilized antibodies. 

MATERIALS AND METHODS 
Materials 

The following chemicals were purchased from Sigma 
Chemical Co. (St. Louis, MO): phenylmethylsulfonyl 
fluoride (PMSF), ethylenediamine tetraacetic acid 
(EDTA) leupeptin, pepstatin A, Tris[hydroxymeth- 
yl]ammoniomethane (Tris), polyoxyethylenesorbitan 
monolaurate (Tween 20), sodium azide DEAE- 
Sepharose, CM-Sephadex C50, protein A-&pharose 
CL-4B ovalbumin, bovine serum albumin (tfbA), uui- 
becco's phosphate-buffered saline (PBS) and Freunds 
complete and incomplete adjuvants. Glutaraldehyde 
50% solution was purchased from Eastman Kodak 
Company (Rochester, NY). Trifluoroacetic acid (TFA) 
and ammonium sulfate were purchased from * isher 
Scientific (Fair Lawn, NJ). Acetonitrile was purchased 
from Mallinckrodt (Paris, KY). Heparin-Sepharose CL- 
6B was purchased from Pharmacia (Uppsala, Sweden). 
Prestained low molecular weight protein standards for 
electrophoresis were Purchased from Bethesda _ Re- 
search Labs (Gaithersburg, MD). CM-Affi-Gel Blue, 
p-nitro blue tetrazolium chloride (NBT) - 5-bromo-4- 
chloro-3-indolyl phosphate-toluidine salt (BCIP), and 
all other reagents for sodium dodecyl sulfate polyacryl- 
amide gel electrophoresis (SDS-PAGE) were purchased 
from Bio-Rad Laboratories (Richmond, CA). Dialysis 
tubing was obtained from Spectrum Medical Industries 
(Los Angeles, CA). Chemically synthesized peptide 
containing the N*-terminal 1-24 amino acids of the 
146-amino-acid form of bovine-brain-derived b* 
was purchased from Peninsula Laboratories (Belmont, 
CA) Porcine pituitaries were obtained from South- 
western Biologicals (Pearland, TX). Bovine brains 
were obtained from Freedman Packing, Inc. (Houston, 
TX) [Methyl 3 H]-thymidine (70 Ci/mmole) was pur- 
chased from ICN Radiochemicals (Irvine CA) Bovine 
recombinant aFGF was supplied by ^. Kenneth 
Thomas (Merck & Co., Inc., Rahway NJ). Human 
recombinant bFGF was obtained from AmGen Biologi- 
cals (Thousand Oaks, CA). Protein was determined 
with a Coomassie dye-binding assay kit purchased 
from Bio-Rad with BSA as the standard. 

Purification of aFGF 

The purifications of aFGF and bFGF were modified 
from the procedures of Gospodarowicz (1987). Twenty 
female bovine brains were packed in ice immediately 
after removal and transported to the laboratory, lne 
brains were washed in ice-cold PBS and homogenized 



in 500-g batches in 800 ml 0.15 M (NH 4 ) 2 S0 4 contain- 
ing 1 mM EDTA by using a Waring blendor. The 
homogenates were combined in a large glass container 
and proteinase inhibitors were added at the following 
concentrations: PMSF, 250 u.M; pepstatin A, 1 *ig/ml; 
leupeptin, 0.5 ng/ml. The pH of the homogenate was 
adjusted to 4.5 with 6 N HC1 and stirred for 2 hr. The 
homogenate was centrifuged at 10,000g for 1 hr and 
the supernatant was filtered through cheesecloth. The 
pH of the extract was adjusted to 6.0 before addition of 
230 g/liter of finely powdered (NH 4 ) 2 S0 4 . The mixture 
was stirred for 1 hr and then centrifuged as before. The 
supernatant was saved, 250 g/liter (NH 4 ) 2 S0 4 was 
added, and the suspension was stirred for 6 hr. The 
suspension was centrifuged as before; the pellets were 
suspended in distilled water and dialyzed by using 
3 500-molecular-weight-cutoff (MWCO) tubing, first 
against distilled water and then 0.1 M sodium phos- 
phate (pH 6.0). The dialyzed extract was centrifuged as 
before, passed through filter paper, and applied to a 
5 x 9 cm CM-Sephadex C50 column equilibrated with 
0.1 M sodium phosphate (pH 6.0). The column was 
washed free of unbound material and then eluted with 
0 1 M sodium phosphate (pH 6.0) containing 0.15 M 
NaCl. When the peak of 280-nm absorbing material 
approached baseline, the column was eluted with 0.1 M 
sodium phosphate (pH 6.0) containing 0.6 M NaCl. 
Fractions were assayed by using 3 H-thymidine incor- 
poration into COMMA-D mouse mammary epithelial 
cells as described previously (Riss and Sirbasku, 1987). 
Those fractions containing mitogenic activity were 
pooled, the pH was adjusted to 7.0 with dilute NaOH, 
and the sample was applied to a 1.4 x 7 cm hepann- 
Sepharose CL-6B column equilibrated with 10 mM Tris 
(pH 7.0) containing 0.6 M NaCl. The column was 
washed free of unbound material and then eluted with 
the same buffer containing 1.0 M NaCl. When the UV 
280-nm absorbing material reach a stable baseline, the 
column was eluted with the same buffer containing 
20 M NaCl. All fractions were assayed by using 
COMMA-D cells and those containing mitogenic activ- 
ity eluted with 1.0 and 2.0 M NaCl were pooled 
separately. This procedure resulted in the recovery ot 
2 84 mg of aFGF from the 1.0 M NaCl-eluted peak. A 
portion of the 1.0 M NaCl-eluted mitogenic activity 
was applied to a 0.4 x 25 cm Vydac C4 reverse-phase 
high-pressure liquid chromatography (HPLC) column 
equilibrated with 0.1% (v/v) TFA. The column was 
eluted with a linear gradient of 29-50% CH 3 CN con- 
taining 0.1% (v/v) TFA. Fractions were dried in a 
Savant Speed Vac concentrator, suspended in water, 
and assayed for mitogenic activity by using 
3 H-thymidine incorporation by COMMA-D cells as 
described previously (Riss et al., 1986; Riss and bir- 
basku, 1987). Those fractions containing mitogenic 
activity were used to raise antibodies. 

Purification of bFGF 
All procedures were carried out at 4°C. Porcine 
pituitaries (468 g) were homogenized in 50-g batches in 
three times volume of PBS containing 20 ^g/ml pep- 
statin A and 13 ^M PMSF by using a Tekmar Tissue 
Mizer (Cincinnati, OH). The total homogenate was 
centrifuged for 1 hr at 16,000g. The lipid layer was 
aspirated from the top of each tube and the superna 
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rant was poured through several layers of cheesecloth 
n help retain remaining lipid. The supernatant (1,265 
mi) was stirred while 709 g solid (NH 4 ) 2 S0 4 was added. 
After stirring overnight, the suspension was centn- 
fuzed at 16,000g for 1 hr and the supernatant was 
Hiscarded. The pellets were suspended in 600 ml 50 mM 
TWs (pH 8.0) containing 10 uM PMSF and dialyzed 
Gainst the same buffer. The dialyzed material was 
centrifuged at 100,000g and filtered through a 0.2-jxm- 
oore-size membrane. This material, referred to as 
crude extract, was applied to a 5.0 x 29 cmDEAb- 
Sepharose column equilibrated with oO mM Tris (phi 
S 0) and 20-ml fractions were collected. After sample 
application (320 ml), the column was eluted at 
9 0 ml/min with 740 ml starting buffer before initiating 
a linear gradient of NaCl (0-300 mM NaCl in 4.0 liter 
starting buffer). Fractions containing mitogemc activ- 
ity which bound to DEAE-Sepharose and were NaCl 
eluted were separated for use in another study (Kiss 
and Sirbasku, 1989). Fractions containing mitogemc 
activity which did not bind to DEAE-Sepharose were 
dialyzed against 0.1 M sodium phosphate and applied 
to a 2 5 x 28 cm CM-Sephadex C50 column equili- 
brated with 0.1 M sodium phosphate (pH 6.0). The 
column was eluted as described for the extract from 
bovine brain containing aFGF. The mitogemc activity 
residing in the 0.6 M NaCl-eluted peak was applied to 
a 0 9 x 14 cm heparin-Sepharose column equilibrated 
in 10 mM Tris (pH 7.0) containing 0.6 M NaCl. The 
column was eluted by using the same protocol as for the 
extract of bovine brain containing aFGF and the myo- 
genic activity from the 2.0 M NaCl eluted peak was 
pooled and stored frozen. This procedure resulted in the 
recovery of 87 u.g of bFGF from 468 g of pituitanes. 

Preparation of FGF-ovalbumin complexes 

Bovine brain aFGF (1.13 mg) purified by using 
reverse-phase HPLC was speed-vac dried and sus- 
pended in 0.8 ml water. A 0.2-ml solution containing 
0 45 mg ovalbumin in 0.5 M sodium phosphate (pH 7.4) 
was combined with the aFGF solution to give a 6:1 
molar ratio of aFGF:ovalbumin. A total volume of 135 
pel of freshly prepared 13 mM glutaraldehyde in 0.1 M 
sodium phosphate (pH 7.4) was added in 10-u.l ahquots 
over a period of 30 min. The tube was allowed to stand 
overnight and then was dialyzed against four 500-ml 
volumes of PBS by using 2000 MWCO tubing. An equal 
volume of aFGF-ovalbumin complex solution and 
Freund's complete adjuvant was emulsified and 
L0 ml/animal was injected into 50 intradermal sites in 
2-kg New Zealand white rabbits. During the initial 
injection period, each of the 2 rabbits (A and B) 
received approximately 420 ng aFGF. After 5 weeks 
animals were boosted with 0.5 ml of a 1:1 emulsion ol 
aFGF-ovalbumin complex solution and Freund's in- 
complete adjuvant containing 75 jxg aFGF. After an 
additional 4 weeks, antisera were collected from both 
rabbits and stored at -70°C until use. Antiserum from 
rabbit B resulted in approximately twice the specific 
absorbance with ELISA and therefore was used for all 
experiments described in this report. 

The bFGF 1-24 peptide-ovalbumin complex was pre- 
pared in a similar manner except 0.5 mg bFGF peptide 
and 0 84 mg ovalbumin were used to give a 10:1 molar 
ratio Each of 2 rabbits (#1 and #2) received the 



equivalent of 187 u,g of bFGF peptide during the initial 
injections and a boost of 31 u-g equivalent of bFGF 
peptide 4 weeks later. Initial screening of antisera 
revealed that rabbit #1 yielded a higher specific ab- 
sorbance with ELISA and therefore was used for all 
experiments described in this report. 

ELISA 

Antigen to be tested was diluted in 0.1 M sodium 
carbonate (pH 9.5) and 100 ul/well was placed in 
96- well Immulon 2 plates (Dynatech Laboratories, Inc., 
Alexandria, VA). The plates were covered with Para- 
film and placed at 4°C overnight. The antigen solution 
was removed by aspiration and nonspecific binding 
sites were blocked by addition of 150 u.l/well of PBS 
containing 1.0% (w/v) BSA and 0.02% (w/v) sodium 
azide. The plates were incubated at 37°C for 1 hr; the 
blocking solution was removed by aspiration; and the 
wells were washed five times with PBS containing 
0 05% (v/v) Tween 20. Each well then received 100 p-1 of 
antiserum diluted in PBS containing 1.0% (w/v) BSA 
and 0 02% (w/v) sodium azide. The plates were covered 
with Parafilm and incubated at 37°C for 1 hr. The 
antiserum was removed by aspiration; the wells were 
washed five times with PBS containing 0.05% (v/v) 
Tween 20, and 100 ^I/well of affinity-isolated goat 
antirabbit IgG alkaline phosphatase conjugate (Sigma 
A-8025) diluted 1/1,000 in PBS containing 1.0% (w/v) 
BSA and 0.02% (w/v) sodium azide were added. The 
plates were covered with Parafilm and incubated at 
37°C for 1 hr. The second antibody was removed by 
aspiration and the wells were washed five times with 
PBS containing 0.05% (v/v) Tween 20 and then rinsed 
. twice with distilled water. Each well received 100 ul of 
50 mM sodium carbonate (pH 10) containing 1.0 mM 
MgCl 2 and 0.5 g/liter p-nitro-phenyl phosphate (Sigma 
104-0). The plates were covered with Parafilm and 
allowed to stand at ambient temperature until there 
was adequate color development. Absorbance values at 
410 nm were recorded by using a Dynatech MR 600 
Microplate Reader and analyzed by the Immunosoft 2.0 
software package. 

Western immunoblotting 

Acidic and bFGF were electrophoresed by using 
SDS-PAGE and transferred electrophoretically (Trans 
Blot cell, Bio-Rad) to Immobilon P transfer membrane 
(Millipore). The transfer was done in 25 mM Tris (pH 
8.3), 192 mM glycine, 0.375 g/liter SDS, 20% (v/v) 
methanol at 25 V, for 15 min and then at 90 V for 90 
min. After transfer the membranes were rinsed in 
Tris-buffered saline (TBS) composed of 20 mM Tris (prl 
7 4), 0.15 M NaCl, and 0.02% (w/v) sodium azide and 
then incubated at ambient temperature on a rotary 
shaker for 90 min in blocking solution composed of 1 bfc> 
containing 2% (w/v) nonfat dry milk. After blocking, 
the membranes were transferred to fresh blocking 
solution containing 1% (v/v) rabbit antiserum against 
either aFGF or bFGF and incubated for 2 hr on a 
rocking platform. The membranes were washed tour 
times for 10 min in TBS containing 0.05% (v/v) Tween 
20 (TTBS) and then incubated on a rocking platform in 
blockingsolutioncontainingal:2,000dilutionofaffinity- 

purified goat antirabbit IgG alkaline phosphatase con- 
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iueate The membranes were washed four times for 10 
mfn in 200 ml of TTBS to remove excess secondary 
antibody. The membranes were rinsed for 5 .nun in 100 
mM Th-is (pH 9.5) containing 100 mM NaCl and 5 mM 
to equilibrate at alkaline pH and then were 
incubated in the same solution containing 250 (xg/ml 
NBT and 125 ng/ml BCIP to allow for color develop- 
ment The membranes were rinsed in water to stop 
color development and were air dned. 

Immunoadsorption of FGFs 
Protein A-Sepharose CL-4B (Sigma P-3391) was ex- 
tenSely washed by repeated centrifugation in 
TOO mM phosphate (pH 7.35). The washed protein 
A SepSnL wL mixed with antiserum in 50 ml con- 
ical polypropylene tubes at a ratio of 1.5 ml packed 
nel et volume of protein A-Sepharose to 10 ml antise- 
rum The tubes were agitated by using a gyratory 
shaker at 300 rpm for 24 hr at 4°C. The protein 

f-Sepiarose antrum «W^^p^?£ 
and the pellets were washed five times in PBb. lfte 
suspensions were transferred to 1.0-ml polypropylene 
tubet ani I centrifuged and the supernatant was re- 
ntldffeav'ing approximately a 
of protein A-Sepharose in each tube. Growth factor 
solutions (or vehicle , controls) contained in fO^oi 
PBS were added and incubated at 4 C for 24 nr. ine 
contents of the tubes were kept in suspension by using 
a drum roller. At the end of the incubation period, the 
?ubS were centrifuged and the supernatant was as 
saved for biological activity by using 'H-^ymidine 
^corporation by COMMA-D cells as described by Riss 
and Sirbasku (1987). 

Fractionation of antiserum by using 
CM Affi-Gel Blue 
Ten-milliliter aliquots of antiserum were applied to a 
9 x 17 cm CM Affi-Gel Blue column equilibrated with 
0 01 M potassium phosphate ( P H 7.2) containing 
0 15 M NaCl. The UV 280-nm absorbing e luent was 
collected and brought to 45% saturation with 
(NH 4 S) 4 and then stirred for 1 hr. The suspension 
wis centrifuged at 4°C at 5,000g for 20 mm and the 
rvfirnatan? g was discarded. The pellet was suspended 
taa46% saturated solution of (NH 4 ) 2 S0 4 and centri- 
fuged as before. The pellets were suspended ^ 0.01 M 
potassium phosphate (pH 7.2) containing 0.15 M Nag 
and dialyzed against the same buffer with 8000 MWLO 
tubing. The dialyzed material was 0.2 vm filtered and 
stored at -70°C. 

RESULTS 
Characterization of ELISAs specific for 
aFGF and bFGF 

Rabbit antiserum raised against the N°-terminal 24 
amino acids of bFGF conjugated to ovalbumin was able 
^recognize all bFGF samples tested including porcine 
piSS bFGF, bovine pituitary bFGF, bovine-b^am- 
derivedbFGF, and human recombinant bFGF from two 
different sources. Figure 1A shows the results of an 
EUsTusTng a 1/5J& dilution of ^antjgai 
raised against brain-derived bFGF (1-24) pepuae 
ovalbumfn complex. Less than 500 pg of P"™ 
itary bFGF was detected by using those condition^ 
Ever, quantities of bovine brain aFGF as high as 64 




v\a 1 ELISA of various concentrations of aFGF and bFGF. 
A^Recomb^ant bFGF (closed circles) was added in duplicate . 

0 1-6 4 ng/well and bovine brain aFGF (open circles) was added at 

1 0-64 ng/wel 1. A 1/5,000 dilution of antisera raised against brain- 
derived bFGF 1-24 peptide was used as the primary antibody 

dtiXate w" lis tf EIJsX ^ plates A 1/5 000 dilution of antisera raised 
aZ'nst bovine brain aFGF was used as the primary antibody. The 
Sbance at 410 nm was recorded after 6-hr incubation wnh 
I J^Z The values were plotted as specific absorbance at 410 nm 
and were cllculat^d byTrst Subtracting a blank (0.047) containing no 
antiserum from all Values; then at each antiserum dilution th 
ba kground absorbance of wells with no FGF ^^^^J 
and 0.019) was subtracted from absorbance values of FGF-containing 

wells. 



ng/well showed very little specific absorbance indicat 
ing that despite the existence of regions of sequence 
homology in the peptide used as an immunogen « sFW 
was poorly recognized by antiserum raised against 
hFGF (1-24) peptide-ovalbumin conjugate, higure id 
Sustrates that a 1/5,000 dilution of rabbit antiserum 
raised against HPLC-purified bovine brain aFGF con 
Sated to ovalbumin was able to detect less than 500 
pg of aFGF with ELISA. With the same conditions b4 
ng of recombinant bFGF showed only minimal speciW 
absorbance, indicating that despite the existence 
considerable sequence homology, bFGF was oni 
poorly recognized by the antiserum raised again* 
bovine-brain-derived aFGF The sample of aFGF u ed 
as antigen to coat the ELISA wells was from bovine 
brain extract that was chromatographed 
CM-Sephadex and then eluted i™™teV a ™; Se ?}* T Z 
bv using 1.0 M NaCl as described in Materials and 
Jethodl. Subsequent elution of the bovine ta*n» 
tract from heparin-Sepharose with 2.0 M NaCl P 
duced a peak of "bFGF" autogenic activity that wa 
recognized by anti-bFGF as well as by anti-at^ 
3C with ELISA. With the anti-aFGF ant se 
rZ however, approximately a 6-fold-higher quanta 
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1/200 1/80O 1/3200 1/6400 

Antiserum Dilution 
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Antiserum Dilution 

Fig 2 ELISA of constant quantities of different samples of FGF 
asine varying dilutions of antisera. A: Duplicate samples of porcine 
bFGF were added at 0.84 ng/well and ELISA was done by using 
various dilutions of antiserum raised against brain-derived WW 
1-24 peptide (squares) or antiserum raised against bovine brain 
aFGF (circles). B: Duplicate 1 ng/ml samples of bovine pituitary bFG* 
(triangles), bovine brain aFGF pooled from mitogenic activity eluted 
from heparin-Sepharose by 1.0 M NaCl (circles), and bovine brain 
9 0 M heparin-Sepharose-eluted mitogenic activity (closed > circles). 
Antiserum raised against bovine brain aFGF added at 1/100- 
1/12 500 dilutions, was used as the primary antibody. Absorbance at 
410 nm was recorded after 4-hr incubation with substrate and specific 
absorbance was calculated as described in the legend to Figure 1. 



of the 2.0 M NaCl-eluted protein was required to give a 
specific absorbance equal to aFGF eluted from heparin- 
Sepharose with 1.0 M NaCl, suggesting that most of 
the immunoreactive material present in the 2.0 M 
NaCl fraction was bFGF. In light of these results, it is 
clear that elution of tissue extracts from heparin- 
Sepharose using different ionic strengths cannot be 
relied on to give pure bFGF. 

The ELISA results shown in Figure 2A demonstrate 
that 0.84 ng of porcine bFGF could be detected by a 
wide range of dilutions of antiserum raised against 
brain-derived bFGF (1-24) peptide-ovalbumin com- 
plex. The same range of dilutions of antiserum against 
bovine brain aFGF showed no reaction against porcine 
bFGF. The ELISA results shown in Figure 2B demon- 
strate that a wide range of dilutions of antiserum 
raised against bovine brain aFGF can easily detect 
1 ng of the bovine brain aFGF fraction eluted frorn 
heparin-Sepharose with 1.0 M NaCl. The fraction of 
mitogenic activity from bovine brain that was eluted 
from heparin-Sepharose with 2.0 M NaCl also was 
detected with an ELISA using anti-aFGF, although the 
extent of reaction was far less. It was estimated that 
the 2.0 M NaCl-eluted fraction contained approxi- 
mately 12% immunoreactive aFGF. Figure 2B also 
shows that bovine pituitary bFGF eluted from heparin- 
Sepharose by using 2.0 M NaCl was not recognized by 
a wide range of dilutions of antiserum against aFGF. 
This agrees with the data in Figure 2A for porcine 
pituitary bFGF. . 

Although HPLC-purified aFGF was used to prepare 
the immunogen, it was possible that the antiserum 
generated recognized an impurity present in the prep- 
aration. To ensure that aFGF was being recognized, we 
tested aFGF samples from two other sources. Purified 
bovine brain aFGF obtained from the laboratory of Dr. 



Fig 3. ELISAs comparing bovine brain aFGF (open circles) eluted 
from heparin-Sepharose and bovine recombinant aFGF (closed cir- 
cles). A: Duplicate samples of 0.125-16 ng for each protein were 
added to 96-well plates and ELISA was done as described in Materials 
and Methods. Antiserum raised against bovine brain aFG* at 1/1, UUU 
dilution was used as the primary antibody. Absorbance 410 nm was 
recorded after 3-hr incubation with substrate. B: Duplicate samples ot 
bovine brain aFGF (open circles) and recombinant bovine a*U? 
(closed circles) were added at 1.0 ng/well. Antiserum raised against 
bovine brain aFGF at dilutions of 1/100-1/12,800 were used as the 
primary antibody. Absorbance at 410 nm was recorded after 3 hr ot 
incubation and specific absorbance was calculated as described in the 
legend to Figure 1. 



Wallace McKeehan at the Cell Science Center Lake 
Placid, NY, also could be detected by using the ELloA 
procedure described here (not shown). Figure 3 shows a 
comparison between recombinant aFGF produced in E. 
coli (obtained from Kenneth Thomas, Merck) and bo- 
vine brain aFGF eluted from heparin-Sepharose with 
1.0 M NaCl. Figure 3A illustrates that when a 1/1,000 
dilution of antiserum against bovine brain aFGF was 
used for ELISA, aFGF purified from bovine brain and 
recombinant aFGF showed similar specific absorbance 
for all quantities assayed. The similarity of these two 
preparations of aFGF was demonstrated further when 
ELISA of 1 ng/well of each antigen showed a similar 
reaction for all antiserum dilutions tested. Because the 
recombinant material was equivalent to purified a* y* 
using ELISA, this provided evidence that the antise- 
rum raised by using aFGF purified from bovine brain 
recognized aFGF and not a contaminating protein 
present in the preparation. The degree of similarity ot 
these two preparations using ELISA was striking con- 
sidering the inherent error involved in handling such 
small amounts of protein. 

A similar characterization was done by using the 
antiserum raised against brain-derived bFGF (W4) 
peptide-ovalbumin conjugate. A comparison of porcine 
pituitary bFGF and recombinant bFGF using ELISA is 
shown in Figure 4. Figure 4A shows that when a 
1/1000 dilution of antiserum raised against WW 
(1-24) was used, recombinant bFGF showed approxi- 
mately 2-fold more color development than bFGF pu- 
rified from porcine pituitary. When 1-ng quantities ot 
the 2 preparations of bFGF were assayed by using a 
wide range of dilutions of the same antiserum (lug. 
4B), the recombinant bFGF sample showed a greater 
extent of reaction at all dilutions tested. The lesser 
extent of immunoreactivity of porcine bFGF could be a 
result of partial proteolytic cleavage, thus removing 
some of the N a -terminal antigenic determinants, or it 
could be caused by errors in estimation of protein 
concentrations. 
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Fig. 4. ELISAs comparing porcine pituitary bFGF (closed circles) 
and human recombinant bFGF (open circles). A: Duplicate samples of 
0.125-16 ng for each protein were added to 96-well plates and ELISA 
was done as described in Materials and Methods. Antiserum raised 
against brain-derived bFGF 1-24 peptide at 1/1,000 dilution was used 
as the primary antibody. Absorbance 410 nm was recorded after 
30 -min incubation with substrate. B: Duplicate samples of porcine 
pituitary bFGF (closed circles) and recombinant human bFGF (open 
circles) were added at 1.0 ng/well. Antiserum raised against brain- 
derived bFGF 1-24 peptide at dilutions of 1/100-1/12,800 were used 
as the primary antibody. Absorbance at 410 nm was recorded after 
3 hr of incubation and specific absorbance was calculated as described 
in the legend to Figure 1. 



Addition of antisera to cultured cells 

Figure 5 shows the effects of addition of CM-Affi-Gel 
Blue-treated antisera to COMMA-D cells cultured in 
the presence of bFGF or aFGF. Similar results were 
obtained by using protein A-Sepharose-purified antise- 
rum (not shown). When anti-bFGF was preincubated 
with bFGF and then added into the COMMA-D 3 H- 
thymidine incorporation assay, the results were a 
reduction of the amount of biological activity present 
compared to bFGF controls incubated without added 
antibody. The addition of the same quantity anti-bFGF 
antibodies to samples containing aFGF did not reduce 
the amount of biological activity present compared 
aFGF samples which did not receive anti-bFGF. From 
these results it was concluded that the anti-bFGF 
preparation could specifically reduce the amount of 
biological activity present in samples containing bFGF 
but did not have an effect on biological activity in 
samples containing aFGF. When the effects of increas- 
ing concentrations of anti-bFGF antibodies were tested 
by using the COMMA-D 3 H-thymidirie incorporation 
assay, even the highest doses of anti-bFGF antibodies 
only partially neutralized the mitogenic effect of bFGF 
(not shown). The addition of CM-Affi-Gel Blue-treated 
anti-aFGF antibodies to samples containing bFGF re- 
sulted in levels of 3 H-thymidine incorporation similar 
to those measured in samples of bFGF which did not 
receive anti-aFGF (Fig. 5). Similar effects were ob- 
tained by using protein A-Sepharose-purified anti- 
aFGF (not shown). Addition of either CM-Affi-Gel 
Blue-treated or protein A-Sepharose-purified anti- 
aFGF to samples containing aFGF had a stimulative 
effect resulting in an increased quantity of biological 
activity compared to the same quantities of aFGF 
which did not receive anti-aFGF. Addition of various 
concentrations of CM-Affi-Gel Blue-treated anti-aFGF 




log ng/ml 



Fig. 5. Effects of addition of CM-Affi-Gel Blue-treated antisera on 
3 H-thymidine incorporation by COMMA-D cells stimulated by aFGF 
and bFGF. A: Dose response of porcine bFGF alone (closed squares), 
in the presence of 5 \l\ CM-Affi-Gel Blue-treated antiserum raised 
against bovine brain aFGF (closed circles) and in the presence of 5 m-1 
CM-Affi-Gel Blue-treated antiserum raised against brain-derived 
bFGF 1-24 peptide (closed triangles). B: Dose response of bovine 
brain aFGF alone (open squares) in the presence of 5 pA CM-Affi-Gel 
Blue-treated antiserum raised against bovine brain aFGF (open 
triangles) or in the presence of 5 u-1 CM-Affi-Gel Blue-treated antise- 
rum raised against brain-derived bFGF 1-24 peptide (open circles). 
Growth factors were diluted in tissue culture medium containing 100 
ng/ml heparin in polypropylene tubes and incubated in combination 
with antibody for 2 hr at ambient temperature before addition to 
assay plates. 



or anti-bFGF had little effect on the EGF-stimulated 
. and C 0 controls used in the COMMA-D cell ^-thy- 
midine incorporation assay (not shown). The nature of 
the potentiation of the biological activity of aFGF by 
addition of partially purified antiserum was not com- 
pletely understood because the magnitude of stimula- 
tion at low levels of aFGF was much greater than the 
stimulation with no growth factors present (C 0 ). The 
data suggest that the presence of antibodies has a 
stabilizing or potentiating effect on the aFGF molecule 
similar to the documented effect caused by addition of 
heparin to tissue culture medium (Gospodarowicz and 
Cheng, 1986). 

Specific removal of mitogenic activity from 
solution by protein A-Sepharose-immobilized 
anti-aFGF and anti-bFGF 

To reduce complications which may be caused by 
contaminating mitogens present in antisera prepared 
by using CM-Affi-Gel Blue, we used protein A-Se- 
pharose to bind and immobilize IgGs from antiserum 
raised against 1) bovine brain aFGF and 2) brain- 
derived bFGF (1-24) peptide. The protein A-bound 
immobilized antibodies then were extensively washed 
to remove traces of serum and preparations of immo- 
bilized anti-aFGF and anti-bFGF were incubated in a 
series of tubes containing aFGF, bFGF, buffer control 
(C 0 ), or EGF control. The supernatants resulting from 
those incubations were assayed for mitogenic activity 
by using 3 H-thymidine incorporation by COMMA-D 
cells. This procedure eliminated the addition of trace 
amounts of serum or growth factor antibodies to the 
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Kia 6 Removal of mitogenic activity from solutions of growth 
Actors by incubation with antibodies bound to protein A-Sepharose. 
S containing 1.12 ng porcine bFGF ,37.5 ng bovine bram 
^FGF 4 7 ne EGF control, and incubation buffer control (all in 300 m] 
PBS containing 100 ng/ml heparin) were added to 300 n packed pellet 
volume of protein A-Sepharose treated with 1) antiserum raised 
Gainst bovine brain aFGF or 2) antiserum raised against brain- 
derived bFGF 1-24 peptide. The protein A-Sepharose treatment with 
ant sera and growth factor incubations with the immobilized I ant i\ bod- 
es were for 24 hr at 4°C as described in Materials and Methods. After 
ncubation, 2-64-^1 volumes of supernatant were assayed for incor- 
poration of ^-thymidine by COMMA-D cells. bFGF + anti-aFGF 
Closed squares), bFGF + anti-bFGF (open squares), EGF + anti- 
aFGF (dosed triangles), EGF + anti-bFGF (open triangles), aFGF + 
™ti-aFGF (closed circles), aFGF + anti-bFGF (open circles). 



cell culture assay medium, which may have unpredict- 
able effects on the results. . 

When bFGF was incubated with protein A-bepna- 
rose-immobilized anti-bFGF, the resulting superna- 
tant did not contain detectable biological activity (*ig. 
6) The level of 3 H-thymidine incorporation was the 
same as addition of equal volumes of buffer controls 
incubated with the immobilized antibodies (not 
shown). When the same preparation of protein A- 
Sepharose-immobilized anti-bFGF was incubated with 
either aFGF or EGF, the resulting supernatant con- 
tained mitogenic activity. These results suggest that 
the rabbit polyclonal antibodies raised against brain- 
derived bFGF (1-24) peptide specifically removed 
bFGF from solution and did not recognize a*Lr* or 
EGF 

When aFGF was incubated with a protein A-Se- 
pharose-immobilized anti-aFGF, the resulting super- 
natant did not contain detectable mitogenic activity 
and showed a level of 3 H-thymidine incorporation 
similar to buffer controls incubated with immobilized 
anti-aFGF. When bFGF or EGF was incubated with 
the same preparation of immobilized anti-aFGF, the 
resulting supernatants contained mitogenic activity. 
These results suggest that the polyclonal antibodies 
raised against aFGF specifically remove aFGF mitoge- 
nic activity from solution and do not recognize bb G* or 
EGF. 

Western immunoblotting of aFGF and bFGF 

Western immunoblots of 1-100 ng of aFGF and 
bFGF are shown using antiserum against aFGr (*ig. 
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Fig 7 Western immunoblots of aFGF and bFGF with ant'-? F pF 
antiserum (A) and anti-bFGF antiserum (B). Samples were subjected 
to SDS-PAGE and then electrophoretically transferred onto Immobi- 
ten P transfer membrane and processed as described in Materials and 
Methods. Lanes 1-4 contained 100, 10 5. ^J? 8 ', H^n^ nf 
bovine pituitary bFGF. Lanes 5-8 contained 100, 10, 5 and 1 ng, 
respectively of bovine brain aFGF. Molecular weigh; standards us£ 
were ovalbumin, 43,000; a chymotrypsmogen, 25 000, p-lacto- 
globulin, 17,900; lysozyme, 14,000; bovine trypsin inhibitor, b,A>U, 
insulin a and p chains, 3,000. 



7A) and antiserum against bFGF (Fig. 7B) The anti- 
aFGF antiserum used in Figure 7A detected a pair ol 
bands of approximately equal intensity in lanes 5-8 
containing aFGF. These bands were estimated to be 17 
and 14 kDa and probably resulted from proteolytic 
cleavage during isolation or subsequent sample stor- 
age Because aFGF was linked to ovalbumin as an 
antigen carrier, the antisera also reacted with the 
ovalbumin molecular weight standard (not shown) 
The nonspecific band in all lanes of Figure 7A at 4d 
kDa was probably immunoreactivity toward ovalbu- 
min contamination. The anti-aFGF antiserum could 
easily detect 1 ng of bovine brain aFGF (lane 8) eluted 
from heparin-Seiharose using 1.0 M NaCl. When the 
anti-aFGF antiserum was used (Fig. 7A), no detectable 
immunoreactivity was seen in lane 1 containing lUUng 
of bFGF. These data clearly demonstrate that bl!W 
does not cross react with anti-aFGF anti-serum under 
the conditions in Figure 7. However, in other immuno- 
blots (not shown), 0.2 u.g of bFGF did show a faint 
immunoreactive band when anti-aFGF antiserum was 
used, confirming the limited degree of cross-reactivity 
recorded by using ELISA. 

The blot incubated with anti-bFGF antiserum (tig. 
7B) shows a pair of immunoreactive bands in lanes 
2-4 Additional immunoreactive bands could be seen 
in lane 1 and when greater quantities of material were 
applied. In data not shown, a commercial sample ot 
recombinant bFGF also showed numerous immuno- 
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reactive species. The pair of major bands were esti- 
mated to be at 17 and 15 kDa. With this Western 
immunoblotting protocol, the anti-bFGF antiserum 
was highly sensitive and could specifically detect 1 ng 
of bFGF and did not show immunoreactivity with 
100 ng of aFGF (lane 5). Similar to the cross-reactivity 
data obtained for the anti-aFGF antiserum, the anti- 
bFGF antiserum could detect a faint band of lmmuno- 
reactive material when higher quantities (0.2 \xg) of 
the heparin-Sepharose 1.0 M NaCl-eluted aFGF were 
subjected to Western immunoblotting (not shown). The 
data agree with those obtained by using E LISA which 
suggested a slight degree of cross-reactivity for the 
anti-bFGF antiserum. 

As expected, Western immunoblots of bovine brain 
extract eluted from heparin-Sepharose with 2.0 M 
NaCl contained a strongly immunoreactive band when 
anti-bFGF was used and a very faint immunoreactive 
band when anti-aFGF was used (not shown). These 
data agree with the ELISA results which suggested a 
detectable aFGF contamination present in 2.0 M NaGl- 
elutedbFGF. 

DISCUSSION 
We report here the production and applications for 
polyclonal antibodies directed against aFGF and a 
synthetic peptide corresponding to the NMerminal 
1-24-amino-acid sequence of bFGF. Our report de- 
scribes an improved sensitivity for the specific detec- 
tion of aFGF and bFGF by 1) ELISA using a standard 
solid-phase antigen method, 2) Western immunoblot- 
ting using the same electrophoretic transfer conditions 
for both the cationic bFGF and the anionic aFGF 
molecules, and 3) specific removal of mitogenic activity 
from solution using protein A-Sepharose immobilized 
antibodies. 

We believe this to be the first detailed report describ- 
ing aFGF-specific antiserum. Although there have 
been numerous reports describing antibodies directed 
against bFGF, we are not aware of literature reports 
concerning specific antibodies against aFGF. Because 
of the structural and functional similarity between 
aFGF and bFGF (Esch et aL, 1985a), most antibodies 
raised against one molecule often will recognize the 
other (Wadzinski et aL, 1987; Schelling et al., 1987; 
Pettmann et al., 1986). 

There are several previous reports that anti-MLr* 
antibodies do not recognize aFGF (Moscatelli et al., 
1986; Massoglia et al., 1987; Ferrara et aL, 1987; 
Schelling et al., 1987), but no detailed analysis of the 
extent of cross-reactivity has been presented. We pro- 
vide the first detailed report characterizing a minimal 
cross-reactivity of anti-aFGF with bFGF as well as 
anti-bFGF with aFGF by using three immunological 
procedures that will be useful in future studies. 

We also have demonstrated that antibodies against 
bFGF added directly to culture medium of COMMA-D 
cells were able to partially neutralize the mitogenic 
activity of bFGF. The incomplete neutralization may 
have been because the antibodies were raised against 
the N a -24 amino acid sequence of bFGF as the hapten. 
Mitogenically active N a -terminal truncated microhet- 
erogeneous forms of bFGF may have been present 
which were not recognized with our polyclonal anti- 



bodies, although this is unlikely because all bFGF 
mitogenic activity was removed using immobilized 
antibodies. A more likely explanation may be that 
bFGF bound to antibody can still bind to and activate 
its receptor. Massoglia et al. (1987) have reported that 
some monoclonal antibodies raised against bFGF do 
not have the ability to block receptor binding or mito- 
genic activity of bFGF. In contrast, there are reports 
describing the use of antibodies against bFGF to com- 
pletely neutralize mitogenic effects in vitro (Bohlen et 
al 1984; Schweigerer et al., 1987a; Ferrara et al., 
1987; Neufeld et al., 1987) as well as a report describ- 
ing reduction of tumor size in vivo (Baird et aL, 1986b). 
The fact that anti-aFGF antiserum was not able to 
neutralize the mitogenic activity of aFGF in vitro could 
be due to a variety of reasons including the following: 
1) the partially purified antiserum may have contained 
other mitogens which stimulated COMMA-D cells (al- 
though this is unlikely because addition of antiserum 
to controls did not have a significant effect on thymi- 
dine incorporation, 2) the aFGF antibodies must re- 
move a substantially greater amount of aFGF to be 
able to detect a decreased mitogenic response, because 
approximately 50-fold-higher concentrations of aFGF 
were used to elicit a mitogenic response, 3) aFGF 
bound to antibody could bind to and activate its recep- 
tor; and 4) FGFs may exist in association with extra- 
cellular matrix components which mask antigenic de- 
terminants (Schweigerer et aL, 1987b). 

We have shown in this report that although heparin- 
Sepharose has been used for separation and purifica- 
tion of aFGF and bFGF, it is not completely reliable to 
distinguish between aFGF and bFGF. Previously, 
Baird et al. (1985a) have reported that some immuno- 
reactive bFGF eluted with 1.1 M NaCl fractions from 
heparin-Sepharose. Subsequently, Baird et al. (1986b) 
reported the existence of high-molecular-weight forms 
of immunoreactive bFGF which occur in flow-through 
fractions which did not adhere to heparin-Sepharose 
columns. From the results reported here using ELISA 
and Western immunoblotting, it is clear that if brain is 
used as a source of bFGF and if heparin-Sepharose is 
used to purify and to distinguish between aFGF and 
bFGF, it is likely that high salt-eluted fractions may 
contain aFGF. To avoid contamination with aFGF^ it 
would be wise to use a recombinant source of bFGF. 
However, if a tissue-derived product is used, an organ 
that does not contain aFGF should be chosen as a 
source for purification. It is unfortunate that some of 
the commercially available bFGF is obtained from 
bovine brain which contains both aFGF and bFGF. 

There have been numerous reports of different 
molecular-weight species of neutral pH extracted 
bFGF (M r 150,000-180,000, 70,000, 25,000, 18,000, 
16,000, 14,000) as well as elution of multiple forms 
from reverse-phase HPLC (Gospodarowicz et aL, 1984; 
Mormede et al., 1985; Baird et al., 1986a; Moscatelli et 
aL, 1987; Neufeld et al., 1987; Bertolini and Hearn, 
1987). In addition, Klagsbrun et al. (1987) used site_ 
specific antibodies to demonstrate that pH 3 -5- 4 - 5 
extraction of brain and hepatoma yielded multiple 
bFGF species resulting from amino terminal cleavages 
by acid proteinases. They further demonstrated that 
truncation between the alanine at position +11 ana 
the phenylalanine at position + 12 of hepatoma cell 
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KGF did not effect its growth factor activity or elution 
!! ition from heparin-Sepharose. 
Our Western immunoblotting results confirmed the 
ence of microheterogeneous forms and showed 
pr ^ e than one immunoreactive band for bovine brain 
FTxF porcine pituitary bFGF, bovine pituitary bFGF, 
nd recombinant bFGF. The appearance of multiple 
• rms of purified FGFs is common and may be attrib- 
frpd to natural processing or protease action during 
elation or storage (Klagsbrun et al 1987). One 
"rising finding was the existence of multiple immu- 
noreactive bands in the commercial sample of recom- 
binant bFGF. The reason for multiple immunoreactive 
oecies in recombinant bFGF was not clear although 
we speculate it could be the result of storage conditions. 

From these studies, we conclude that polyclonal 
■mtisera can be produced that will specifically recog- 
nize subnanogram quantities of either aFGF or bFGF 
bv using standard ELISA or Western immunoblotting 
procedures. Although the antisera we have character- 
ized do not show complete neutralization of activity by 
direct addition to the in vitro assay system we em- 
ployed, immobilized antibodies did specifically remove 
mitogenic activity from solution. 

The highly sensitive and specific immunodetection 
techniques described here will be useful to identify and 
discriminate between aFGF and bFGF. These methods 
can be used to confirm the purity of aFGF and bFGF 
purified by using heparin-Sepharose affinity chroma- 
tography. In addition, the specific antisera character- 
ized in this report may be useful for immunocyto- 
chemical techniques to localize FGFs, especially in 
tissues where both aFGF and bFGF occur. 

ACKNOWLEDGMENTS 

The authors wish to thank Dr. Kenneth Thomas for 
supplying us with recombinant aFGF and Dr. Wallace 
McKeehan for supplying us with a sample of prostatro- 
pin (aFGF). We also wish to thank Mr. Beto Zuniga and 
Ms. Judy Roscoe for their help in preparing illustra- 
tions and providing technical assistance. This work 
was supported by grants from the National Cancer 
Institute (CA-38024 and CA-26617), American Cancer 
Society (BC-255), and the Council for Tobacco Research 
USA, Inc. (2225). 



LITERATURE CITED 

Baird, A., Bohlen, P., Ling, N. } and Guillemin, R. (1985a) Radioim- 
munoassay for fibroblast growth factor (FGF): Release by the 
bovine anterior pituitary in vitro. Regul. Pept., l0:3 Q$-3 17 - 

Baird, A. } Esch, F., Gospodarowicz, D., and Guillemin, R. (1985b 
Retina-and eye-derived endothelial cell growth factors: Partial 
molecular characterization and identity with acidic and basic 
fibroblast growth factors. Biochemistry, 24:7855-7860. 

Baird, A., Esch, F., Mormede, P., Ueno, N., Ling, L., Bohlen, P., Ying, 
S-Y Wehrenberg, W.B., and Guillemin, R. (1986a) Molecular 
characterization of fibroblast growth factor: Distribution and bio- 
logical activities in various tissues. Recent Prog. Horm. Res., 
42:143 -205. 

Baird A Mormede, P., and Bohlen, P. (1986b) Immunoreactive 
fibroblast growth factor (FGF) in a transplantable chondrosarcoma: 
Inhibition of tumor growth by antibodies to FGF. J. Cell. Biochem., 
30:79-85. 

Bertolini, J., and Hearn, M.J.W. (1987) Isolation characterisation and 
tissue localisation of an N- terminal-truncated vanent of fibroblast 
growth factor. Mol. Cell. Endocrinol., 52:187-199. 



Bohlen, P., Baird, A., Esch, F., Ling, N. f and Gospodarowicz, D. (1984) 
Isolation and partial molecular characterization of pituitary fibro- 
blast growth factor. Proc. Natl. Acad. Sci. USA, 82:5364-5368. 
Bohlen, P., Esch, F., Baird, A., and Gospodarowicz, D. (1985) Acidic 
fibroblast growth factor (FGF) from bovine brain: Amino terminal 
sequence and comparison with basic FGF. EMBO J., 4: 1951-1956. 
Esch, F.A., Baird, A., Ling, N., Ueno, R, Hill, F., Deneroy, L., 
Klepper, R., Gospodarowicz, D. t Bohlen, P., and Guillemin, R. 
(1985a) Primary structure of bovine pituitary basic fibroblast 
growth factor (FGF) and comparison with the amino-terminal 
sequence of bovine brain acidic FGF. Proc. Natl. Acad. Sci. USA, 
52:6507-6511. ¥ t . xt _ 

Esch, F., Ueno, N., Baird, A., Hill, F., Deneroy, L., Ling, N., Gospo- 
darowicz, D., and Guillemin, R. (1985b) Primary structure of bovine 
brain fibroblast growth factor (FGF). Biochem. Biophys. Res. Com- 
mun., 233:554-562. 
Ferrara, N., Schweigerer, L., Neufeld, G., Mitchel, R., and Gospoda- 
rowicz, D. (1987) Pituitary follicular cells produce basic fibroblast 
growth factor. Proc. Natl. Acad. Sci. USA, 84:5773-5777. 
Gimenez-Gallego, G., Rodkey, J., Bennet, C. f Rios-Candelore, M., 
DiSalvo, J., and Thomas, K. (1985) Brain-derived acidic fibroblast 
growth factor: Complete amino acid sequence and homologies. 
Science, 230:1385-1388. 
Gospodarowicz, D. (1987) Isolation and characterization of acidic and 
basic fibroblast growth factor. In: Methods in Enzymology. D. 
Barnes and D.A. Sirbasku, eds. Academic Press, Orlando, Vol. 147, 
pp. 106-119. . , 

Gospodarowicz, D., and Cheng, J. (1986) Heparin protects basic and 

acidic FGF from inactivation. J. Cell. Physiol., 228:475-484. 
Gospodarowicz, D., Cheng, J., Lue, G.-M., Baird, A., and Bohlent, P. 
(1984) Isolation of brain fibroblast growth factor by hepann- 
Sepharose affinity chromatography: Identity with pituitary fibro- 
blast growth factor. Proc. Natl. Acad. Sci. USA, 81: 6963-6967 
Gospodarowicz, D., Massoglia, S.L., Cheng, J., and Fujii, D.K. (1986a) 
Effect of fibroblast growth factor and lipoproteins on the prolifera- 
tion of epithelial cells derived from bovine adrenal and brain cortex, 
bovine corpus luteum, and brain capillaries. J. Cell. Physiol., 
227:121-136. „„ 0/ m_, 
Gospodarowicz, D., Neufeld, G., and Schweigerer, L. (1986b) Fibro- 
blast growth factor. Mol. Cell. Endocrinol., 46:187-206. 
Hauschka, P.V., Mavrakos, A.E., Iafrati, M.D., Doleman, S.E., and 
Klagsbrun, M. (1986) Growth factors in bone matrix. Isolation of 
multiple types by affinity chromatography on heparin-Sepharose. J. 
Biol. Chem., 267:12665-12673. 
Klagsbrun, M., Sasse, J., Sullivan, R., and Smith, J. (1986) Human 
tumor cells synthesize an epithelial cell growth factor that is 
structurally related to basic fibroblast growth factor. Proc. Natl. 
Acad. Sci. USA, 53:2448-2452. 
Klagsbrun, M., Smith, S., Sullivan, R., Shing, Y., Davidson, S., Smith, 
J., and Sasse, J. (1987) Multiple forms of basic fibroblast growth 
factor: Amino terminal cleavages by tumor cell- and brain-cell- 
derived acid proteases. Proc. Natl. Acad. Sci. USA, 84:1839-1843. 
Lobb, R.R., and Fett, J.W. (1984) Purification of two growth factors 
from bovine neural tissue by heparin affinity chromatography. 
Biochemistry, 23:6295-6299. . 
Lobb, R.R., Harper, J.W., and Fett, J.W. (1986) Purification of 

heparin-binding growth factors. Anal. Biochem., i54:l-14. 
Massoglia, S.L., Kenney, J.S., and Gospodarowicz, D.J. (1987) Char- 
acterization of murine monoclonal antibodies directed against basic 
fibroblast growth factor. J. Cell. Physiol., i32:531-537. 
Mormede, P., Baird, A., and Pigeon, P. (1985) Immunoreactive fibro- 
blast growth factor (FGF) in rat tissues: Molecular weight forms 
and the effects of hypophysectomy. Biochem. Biophys. Res. Com- 
mun., 128:1108-1113. ^ j ^.^ . __ 

Moscatelli, D., Joseph-Silverstein, J., Manejias, R., and Rilkin, u.a. 
(1987) Mr 25,000 heparin-binding protein from guinea pig bra M\^ s 
a high molecular weight form of basic fibroblast growth factor. Proc. 
Natl. Acad. Sci. USA, 84:5778-5782. 
Moscatelli, D., Presta, M., Joseph-Silverstein, J., and Rifkin, U.B. 
(1986) Both normal and tumor cells produce basic fibroblast growth 
factor. J. Cell. Physiol., 229:273-276. 
Neufeld, G., and Gospodarowicz, D. (1986) Basic and acidic fibroblast 
growth factors interact with the same cell surface receptors. J. Biol. 
Chem., 262:5631-5637. 
Neufeld, G., Ferrara, N., Schweigerer, L. f Mitchell, R., and Gospoda- 
rowicz, D. (1987) Bovine granulosa cells produce basic fibroblast 
growth factor. Endocrinology, 222:597-603. „ , i_i * 

Olwin B.B., and Hauschka, S.D. (1986) Identification of the fibroblast 
growth factor receptor of Swiss 3T3 cells and mouse skeletal muscle 
myoblasts. Biochemistry, 25:3487-3492. 
Pettmann B., Labourdette, G., Weibel, M., and Sensenbrenner, M. 



I 



414 



R1SS AND SIRBASKU 



(1986) The brain fibroblast growth factor (FGF) is localized in 
neurons. Neurosci. Lett., 65:175-180^ 

Riss T L., Ogasawara, M. f Karey, K.P., Danielpour, D., Stewart, B.H 
and Sirbalku, D.A. (1986) Use of serum-free hormonally defined 
media to evaluate the effects of growth factors and inhibitors on 
proliferation of estrogen-responsive mammary and pituitary tumor 
cells in culture. J. Tissue Cult. Methods, 70:133-150. 

Riss T L and Sirbasku, D.A. (1987) Growth and continuous passage 
ofCOMMA-D mouse mammary epithelial cells in hormonally 
defined serum-free medium. Cancer Res 47:3776-3782. 

Riss TL., and Sirbasku, D.A. (1989) Identification of a 15,000- 
molecular-weight form of immunoreactive transforming^growtn 
factor a in extracts of porcine pituitary. J. Cell. Physiol., 
i 38 '393— 404 

Schelling, M.E.", Hawker, J.R., Jr., and Granger H.J. (1987) Immu- 
nochemical comparison of peptide angiogenic factors. Tissue Cell, 
7S°463 467 

Schweigerer, L., Malerstein, B., Neufeld, G., and Gospodarowicz, D 
(1987a) Basic fibroblast growth factor is synthesized in cultured 



retinal pigment epithelial cells. Biochem. Biophys. Res. Commun.. 
i4<3:934-940. , t 

Schweigerer L., Neufeld, G., Friedman, J., Abraham, J. A., hidde?. - 
J.C., and Gospodarowicz, D. (1987b) Capillary epithelial cells ex ? 
press basic fibroblast growth factor, a mitogen that promotes their 
own growth. Nature (Lond.), 325:257-259. 

Thomas, K.A., and Gimenez-Gallego, G. (1986) Fibroblast growth 
factors: Broad spectrum mitogens with angiogenic activity. Trends 
Biochem. Sci., 27:81-84. 

Thomas K.A., Rios-Candelore, M., Gimenez-Galhgo, U., Dibilvo, J.. 
Bennet, C, Rodkey, J., and Fitzpatrick, S. (1985) Pure brain- 
derived acidic fibroblast growth factor is a potent angiogenic 
vasicular epithelial cell mitogen with sequence homology to inu-i 
leukin. Proc. Natl. Acad. Sci. USA, 82:6409-6413.. 

Wadzinski, M.G.. Folkman, J., Sasse, J., Devey, K., Ingber, D and \ 
Klagsbrun, M. (1987) Heparin-binding angiogenesis factors: Detec- 
tion by immunochemical methods. Clin. Physiol. Biochem. . 
5:200-209. 



Prolif 

i issue i 

Victors 

pv>s.sibl\ 

Hi-SB). } 
J actio 
r »» r ms. . 
^ctor. p- 
'achir. i 
:;un ha* 
* 13-kI 
"«a«i a 
x, iH- m; 

'■IhGi i 
"pnheli 
i: aino ; 

wit 
*pable 
or 



STIC-ILL 



From: Holleran, Anne 

Sent: Sunday, March 04, 2001 5:30 PM W\ { 

To: STIC-ILL 
Subject: refs. for 09/266,543 

Examiner: Anne Holleran 

Art Unit: 1642; Rm 8E03 

Phone: 308-8892 



Date needed by: ASAP 

Please send me copies of the following : 

1. Plum, S.M. et al. Vaccine, (2000) 19/9-10, 1294-1303 

2. Aonuma, M. et al. Anticancer Res. (1999, Oct) 19(5B): 4039-4044 

3. Muller, Y.A. et al. Structure (1998) 6(9): 1153-1167 

4. Yamagishi, S. et al. J. Biol. Chem. (1997) 272(13): 8723-8730 

5. Koolwijk, P. et al. J. Cell Biology (1996) 132(6): 1177-1188 

6. Matsuo, A. et al. Neuroscience (1994) 60(1): 49-66 

- ^7^"^ Djakiew, D. et al. Cancer Research (1991) 51(12): 3304-33 10__J!^ 

8. Yamanishi, H. et al. Cancer Research (1991) 51(11): 3006-3010 

9. Matsuzaki, K. et al. Japanese J. Cancer Research (1990) 81(4): 345-354 

10. Kardami, E. et al. Growth Factors (1990) 4(1): 69-80 

11. Riss, T.L. et al. J. Cellular Physiology (1989) 138(2): 405-414 



l 



(CANCER RESEARCH 51. 3304- 3310. June 15. 1991) 



Regulation of Gr wth by a Nerve Growth Factor-like Protein Which Modulates 
Paracrine Interacti ns between a Neoplastic Epithelial Cell Line and Stromal 
Cells of the Human Prostate 1 

Daniel Djakiew, 2 Robert Delsite, Beth Pflug, Jean Wrathall, John H. Lynch, and Makoto Onoda 

Department of Anatomy and Cell Biology /D. />.. R. />.. 8. P., J, If M. O.f. Lomhardi Cancer Research Center fD, P.. J. //. L.J, and Department of Survey Division 
ofLrolo&fD. D„ J. //. Lf. Georgetown I niversity School of Medicine //>. D. t R. />.. B. P.. J. H..M. O.f and Medical Center f J H. L. I X^W^U^OCmSt 



ABSTRACT 

Nerve growth factor-like substances) were identified in both condi- 
tioned media of a human prostatic tumor epithelial cell line (TSU-prl) 
and a human prostatic stromal cell line (HPS) by Western blot analysis 
and bioassay of neurite outgrowth of PCI2 cells. Nerve growth factor-^ 
(NCF) immunofluorescence was also localized to secretory vesicles in 
the cytoplasm of both the TSU-prl and HPS cells. Western blot of the 
TSU-prl and HPS cell-secreted protein identified an A/ r 65,000 major 
protein which immunoreacted with murine NGF antibody. NCF Western 
blot of HPS cell-secreted protein also identified an .A#, 42,000 minor 
band under reduced and nonreduced conditions and aiuV/, 61,006 limioi 
band under ariuced conditions. The secreted protein from the TSlCprl 
cells (50 /ig/ml) and HPS (50 fig/ml), as well as murine NGF (50 ng/ml) 
or human recombinant NGF (50 ng/ml), stimulated neurite outgrowth 

v from PCI 2 cells. This neurite outgrowth activity was partially inhibited 
by treatment with NCF antibody. Neither the serum containing growth 
medium nor bovine serum albumin (50 ng/ml) stimulated neuriteout- 
growth. The NGF-like secretory protein appeared to play; a. role. hi the 
paracrine regulation of prostatic growth between TSU-prI cells and HPS 

cells. The relative growth of TSU-prl cells, as indicated by J'HIthymidine 



text, paracrine regulation of prostatic growth was first suggested 
by Franks et ai (2) after observing a lack of growth capacity of 
epithclia which had been separated from their stroma. Subse- 
quently, Cunha (3) and Cunha et al (4) demonstrated that fetal 
mesenchyme (stroma) recombined with urothelium induced 
prostatic epithelial morphogenesis and that this morphogenesis 
occurred in a cell (stroma) density-dependent manner (5). Tis- 
sue recombination studies with testicular feminized and wild- 
type tissues have shown that the target of androgen action is 
the meserichyme (4, 6) which in turn mediates the growth of 1 
adjacent epitheiiai cciis (7). in adiiit rat prostatic tissues, andro- 
gens mediate the secretion of stromal derived erowth factors 
which stimulate epithelial proliferation (8). Rat stromal secre- 
tory proteins also modulate vectorial protein secretion from a 
neoplastic prostatic epithelial cell line (9). On the other hand, 
some tumor epithelial cell lines have a reduced requirement for 
exogenousigrowth factors (10), consistent with their! reduced 
dependence on androgens and stromal growt h factors for their ? 
r -.« w . o^- H r* a, inoicaiea oy | riiinymiaine proliferation. Several growth factors have been idefoifietf which 

incorporation, in response to HPS secretory protein Has stimulated 2.8- mav vfuhefiori as nutnHvP „o r ^in fl *Z«7?\ ™ ?r * J * ™ 
fold inadosenlependent manner. In the converse interac ion? the relative Z£ ? J ? re f^ P^tatic 

^ * » . growth. In this context, epidermal growth factor-like fF^ 

bFGFMike (1 2 13V nfoteins nrrmint far a n^ nc ;A a ^\ a ^^':^ 



: growth of HPS cells in response to TSU-prl secretory protein >as 
stimulated 1.8-fold in a dose-dependent manner. Immunoneutralization 
of TSU-prl and HPS secretory protein was performed with antibody 
ag^insf NGF t acidic fibroblast growth factor, and basic fibroblast growth 

s factor. Removal of the NGF-like protein from the maximal stimulatory 
< !? se i P f "^If-prl secretory protein (100 Mg/mlj with NGF antibody 
proliferation to 52% of maximal Ievels,!and immunoneu- 
tralization of the NGF-like protein in the maximal stimulatory dose of 

/ HPS wrPtnry nrnfein (20 uff/mf) also reduced 1 sO-prl Droliteratian to 
16% of maxjmal levels. Addition of normal rabbit serum or prior immu- 
noprecipitstion of either TSU-prl or HPS secretory protein with antibody 
against acidic fibroblast growth factor and basic fibroblast growth factor 
did not inhibit the proliferation of either cell type. These results surest 
that TSU-prl tumor cells and HPS cells secrete NGF-like protein(s) 
which modulate their paracrine interactive : : / 



j 1 



bFGFy ike ( 1 2, 13) proteins account for a considerable ^ount 
of the growth factor activity in the prostate^ In additionlaFGF 
; (14), ^ transforming growth factor-/^ ( 1 5, 16), and NGF C17-| 9 )^ 
have-beenjdentified in the prostate or prostatic tumor cells. 
Considerable evidence has accumulated demonstrating tliat^ 
, NGr^sccrete^by^glial cells ; functions in the paracrine^ainte-i- 
nance of neurbrisi(26). Considering the paracrineTrole af NGF> 
J n W™V* W> ami us presence iti^ruMatic aadiuwaiiiiiuuiio ' 
(,9 >Y** ^ ex^mm e d whether NGF may mediate pafacnheinteV 
;^ ris ^^^5l#n? r epithelial &II line an^ltroihai^jis c^ v 
the Kuman prpsta^ this report VwedemoristrateTh^^^ r 
of i^r^li}rt^roteins in these cells which mediate ^the'^racrine 
, regulation^^wih. of bpt^ the.tumor epitneliakcell line and 
the stromal cells in vitro. , 

, b q . « t . , MATERIALS AND METHODS \ K. ; 

Prostate :cancer v .has surpassed lung cancer as th^^l^^^ . , - , ^ 44 ^ : ^ t / 

cause of cancer in men (1). A better understandihg Qf ih* f: u ^ 0 ^9!l^ 

mechanisms which regulate prostatic growth in thermal and nl£*$l™V*$ W£ ! 2 . !) w ^ * ^ ^Jrpih; D^^lsaacs;;; 
neoplastic prostate may facilitate the clinical manS^S J ^ese^j^wtf ; 

J^ d ^ acin, M are ™«^d by a well-develp^ed ml streptomycin 

fibromuscular stroma, cell-to-cell communication has beeriim- ^ 1 ' - ■ • — - » tny«one 

plicated in mediating aspects of prostatic growth. In this con- 
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Co., LoganV UT), arid I0" 7 M T (SigmaK The human prostatic stromal 
cells were obtained from an adult male following transurethral prostatic 
resection at Georgetown University Hospital. The tissue was minced 
into small blocks (1-3 m m/) and sequentially digested in a collagenase 

'The abbreviationk . used are:, bFGF, fibroblast growth factor. aFCF, acidic 
fibroblast growth factor, NGF, nenc growth factor * FCS. fetal calf serum; T 
testosterone; HPS, human prostatic stroma; DMEM, Dulbecco's modified EagleV 
m ^ ,um ^"/ P ^* 4 *< 2h > drox ^* h y*)-!-Piperazineeiha HS, horse 

serum; PBS. phosphate-buffered saline; TBS. Tris-bulTered saiine; BSA, bovine 
serum albumin; TTBS, TBS containing O.OS^r Tween-20 and 0.$% BSA (Siemar 
mNGF, murine NGF; hNGF, human recombinant NGF; D.I., DNA index 
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enzyme solution as previously described (9). The resulting single-cell 
suspension and small fragments of tissue were washed in RPMI-1640 
medium, tcsuipcnucu iii RPMS:S4C rr.cdiun: containing !0S FCS/T, 
and plated in 75-mnr flasks (Bccion Dickinson Laboratories, Lincoln 
Park. NJ). After 3 days unattached cells were removed and the remain- 
ing cells allowed to proliferate to confluence. These cells were trypsin- 
ized and passaged through four successive cycles to obtain a population 
of HPS free of epithelial contaminants. A seed stock of HPS was 
subsequently resuspended in RPMI-1640 medium containing 25% 
FCS/ 10% dimethyl sulfoxide (Sigma) and frozen at -130'C until use. 
A rat pheochromocytoma cell line (PCI 2) was obtained from the 
American Type Culture Collection (Rockville, MD) and cultured in 
Ham's f-12/DMEM medium (Irvine Scientific, Santa Ana, CA) sup- 
plemented with 15 him HE PES (Sigma), antibiotics/antiniycotic, 10% 
HS (Gibco BRL, Gaithersberg, MD), and 5% FCS. All cell lines were 
incubated at 37 # C in 5% CO : /95% air and the media replaced every 
secondly. 

Immunofluorescence. The TSU-prl cells and HPS cells cultured on 
glass coverslips were screened for vimentin intermediate filaments, 
keratin : ntermediate filaments, arid NGF using indirect immunofluo- 
rescence as previously described (9). Methanol-fixed cells were blocked 
with 3% ovalbumin or 5% normal goat serum in PBS at room tempcr- 
aiurc for 60 min, or at 4*C overnight, and incubated with rahhii anti- 
murine vimentin antibody (1:100; 1CN Immunobiologicals, Lisle, I L), 
rabbit ami-human ker atin antibody (1.25 , ICN iiUiuuao bkrfog kais), 



rabbit ,ami-murine NGF antibody (1:100; .Collaborative Research Inc., 
Bedford, MA) or normal rabbit serum ( 1 : B 00; ICN Immunobiologicals) 
for, 60..min. The cells were washed three times in . PBS and .then 
i ncubated wit h '. rhodamine-conjugated goat anti-rabbit *lgG ( 1 :400- 
klOOOf fCN Immunobiologicalslat'rpom temperature for 10-30 niin. 
Subsequently, the cells were washed three times in PBS" mounted, and 
viewed with a Zeiss photo m icroscope fitted with an epifluorescence 
.attachment: * : >■ . ■ ; r^fV*"; : v/ ;; v / .« i j£ 

:* Ploitly Analysis of Cell Lines. The ploidy; of the laU-pri cells, HPS 
cells, and murine .'3T3- cells were kindly analyzed ;b> Dr Owen Blair 
(Lombardi Cancer Research Center, Georgetown University Medical 
Centers Washington. DC), by the method of Vindeloy (22) using pro- 
pidiurn iodide as, the nuclear c stain for the flow cytor)ietr> : . Chicken 
eo'throcytes and human lymphocytes were used as the internal standard 
cell type| r .: : . '. . / '^^p 

, I^ep^ion of decretory 1^ 

grown to confluence in RPM 1-1 640 medium supplemented with 10% 
HC'h/T arid antibiotics/ant imycotic. At confluence the ^cells', Were 
washed',ihree timesand cultured in Ham's F^if/DMEM rhcdiu:ri v ui!h 
(5 m.v. fi£PES^2 jn\i giuiariiine (Sigma), anti^otics/amimycoticrand . 
T for 24 h. The conditioned media were collected and centrifuged at 
1000 to remove particulates, and ; t he supernatant was immediately 
frozen ats- ^O'C-^This procedure was successively alternated with a (24- 
h incubation 1 in, 10% FCS/T with supplements as above." Conditioned 
media from additional human neoplastic epithelial cell lines (PC- 3, 
DU-1^5, LNCaP) were similarly prepared with a modification that T 
was substituted witli 1 0~ 7 M dihydrotestosterone (Sigma) for the LNCaP 
cells. Conditioned^ media were concentrated/dialyzed with' a hollow- 
fiber H Iter cartridge of A/ f 10,000 exclusion limit ^ 
mcnts £pi r Chicago. I L) using ice co|d distilled water for dialysis. The 
concentrated dialyzed media were lyophilized and stbred;at/r20 - C until 
use. .;*••' • r ■* \ . . v ■'' V V-* l-- h ' . 

Western Blot Analysis of NGF-Iike Protein. Lyophilized secretory 
protein from the TSU-prl cells andfHPS celis, as well as from the PC- 
3, DU- 145 .and LNCaP. cells, were reconstituted in either reducing or 
nonrcducing sample bufTer"(23), and 2.5-7.5 pg of these proteins was 
loaded into each lane of a \2% polyacrylamide minigel and subjected 
to one-dimensional sodium dodecyl sulfate gel electrophoresis accord- 
ing to the. method of Laemmli (23). Subsequently, the separated pro- 
teins were electrotransferred to a 0.2-^m nitrocellulose membrane at 
0.9 A, The nitrocellulose was blocked with 5% non-fat milk in TBS for 
1 h {24)1 rinsed twice with TTBS, and reacted with NGF antibody 
( 1 : 1000 in I % gelatin/TTBS) overnight. The membranes were washed 
in TTBS twice for 10 min, reacted with horseradish peroxidase-conju- 



gated goat anti-rabbit IgG (1:3000 in 1% gelatin/TTBS; Bio-Rad Labs, 
Richmond, CA) for 1-3 h, and rinsed in TTBS twice and nee with 
TBS The immunoreachvitv was visualized by the following color 
development reaction. First, 4-chlnrn-l -napthol was dissolved to a final 
concentration of 0.03% in ice cold methanol. Hydrogen peroxide was 
mixed with TBS at room temperature to a concentration of 0.018%. 
This solution was added to the 4-chloro-l-napth I solution, and the 
membranes were incubated in this mixture until color devel ped. The 
reaction was stopped by replacement of the reaction mixture with 
distilled water. 

Assays of Mitogenie Activities and Inimtinoneutralizatimi Studies. 
HPS cells and TSU-prl cells were resuspended in RPMI-1640 medium 
containing 10% FCS/T, seeded at 5 x I0 4 ceils/well in Falcon 24- 
multiwell tissue culture plates (Becton Dickinson), and incubated in 
5% C0 2 /95% air. After 24 h the cells were washed three times in 
Ham's F-12/DMEM medium with 15 mM HEPES and further incu- 
bated in various concentrations of either HPS or TSU-prl secretory 
protein, respectively, reconstituted in Ham's F-I2/DMEM/T medium 
with 15 mM HEPES. Additional wells of these cells were cultured in 
Ham's F-I2/DMEM with or without 10% FCS/T, 1% FCS/T; and T; 
Some of the reconstituted TSU-prl and HPS secretory protein (1.5 ml) 
were mixed with 3-15 n\ of polyclonal antibody against} murine NGF; ' 
bovine aFGF (U.B.I. Inc., Lake Placid, NY), or bovine bFGF (R & D 
Systems Inc., Minneapolis, MN). A nonimmune normal rabbit serum 
■UCN Immnnohinlnqirflls) and a rabbit laO (Chemicon International, 



Inc., Segundo, CA) were used as controls. Subsequently, the secretory 
protein/antibody, mixture was allowed to complex for, l h at room 
temperature, followed by centrifugation at 10,000 x g. The supernatant 
was collected and incubated with the ceils as above for the nontreated 
secretory prbtein. After a 24-h incubation with the secretory protein or . 
the various control,, treatments, each well of cells wast supplemented 
with I >iCL of [*H [thymidine (ICN Radiochemicals; Irvine, CA) and 
further inepbated for 6 h at 37*C in 5% C0 2 /95% air. Subslquently, 
each Well was washed three times with 1 mi of ice cold PBS, the cells 
wei^ fixedln L ml of 5% trichloracetic acid (4*C) for 20 imr^ washed 
three timw with 5% trichloroacetic acid ari^ digested in 0.5 N NaOH 
(0.3 ml). This solution was neutralized with 0.5 N HCI (0.3 ml| and the 
incorporated radioactivity was determined by liquid scintillation spec* 
tromctry using a Beckmann scintillation counter'. Relative growih of 
C ^ U ? (25,;^6) was calculated from the [ v H]thymidine incorporation in r 
the presence of ^secretory protein or the various culture mediae prepay 
rations divided by ('Hlthytnidine ihcdrporatioh in conirol cihure of 
Ham's F : 1 2/DM EM/T. \ ' \' ;V ' \\ \ ; ^^-"^ 

Neurife OutRrowth Assay. Neurite outgrowth from^ii^lls was 
carried oui aCvuiuin^ : to the incihod cf Greene and TiarhieV (2?^ PCI £ 
cells were suspended in Ham's F-12/DMEM medium with- 1 O^c HS/- 
5% FCS and seeded in 24-rriuItiweIl tissue culture -plates wtllch had 
been coated with poly,-L-lysine (Sigma). Following 24 h incu at 
37*C iri'S^; COi/95%^air; the culture medium was replaced with TSU- 
prl and HPS secretory' protein (0-100 Mg/ml) resuspended in Ham's 
F-I2/DMEM medium with or without I0r r HS/S% FCS. 1 In control 
, cultures PC 12 ceiis were incubated with 0-100 ^g/ml BSA; 0^100 ng/ ■ 
ml m NGF (Boehringer Mannheim Biochemicals, Indianapolis, MN), 
and 0^100 ng/m! hNGF (Genentech, South San FraMiscbi CA), ^ all 
resuspended in either Ham's F-12/DlvlEM with or without; t0% HS/ 
5% FCS. ; Additional controls included incubation of PC 12 cells in ■ 
Hank's buffer, Hams F-l 2/DM EM alone, or 10% HS/5% FCS in 
Ham's Fr l 2/DM EM. PC 12 cells incubated in each of the above treat- 
ments at t i37 # C;in 5% COi/95% air : were monitored every 24 h for 
neurite outgrowth during a period of 4 days. : . o • *j • 

Statistical Analysis. The statistical significance^! differences berween 
treatments was tested by Student's / test. The values for the SEM that 
are given. as. estimates of the dispersion in the results were calculated 
for each treatment from estimates of the variance between replicates. 

RESULTS 

Characterization of TSU-prl Cells and HPS Cells by Immo- 
nofluorescent Labeling. Fig. 1 shows phase contrast images and 
corresponding immunofluorescent images of keratin, vimentin. 
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Fig. I. Human prostatic epithelial tumor 



E-H). A and £, phase contrast images: B and 
F, the corresponding indirect immunofluores- 
cence of NGF: <T.and '&. the indirect immu- 
nofluorescence of vimenttn intermediate fila- 
' v ' merits;*/) and Hi the indirect immunofluores- 
, cehce, of:,, keratin.^ intermediate filaments 
^\ immunofluorescence; Bars. % 1 3 >im. . . , ■ 
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.^ ar^ NGF Io^tioi, in TSU-prl^cells& 

/phase contrast image of the TSU-prl cells (Fig^ \A) shows a- >#*■•„ i/s ,> "^""^Ju^^^? sce1 ^ 
*«mtrally^ 

"numerous vesicu^^ 

the TSU-prl <*lls (Fig. ID) was localized^ Clahientous sir\ic- ^ % y : immun6iiuoresccnce; tttrHPS;ceii^rie ap- 

. tures throughout the cytoplasm, as was the vimentin immuno- P eared t0 ? e J P° J P u ^ : ^cking epithelial contaminants. NGF 

; • nuorescence.(Figol k C), The NGF immunpfjuoresceiit image of ^ m M"V nuor 5 s Vf 9^,(Fig.r 1 ^) of these cells was ipialized to 

these cells (Fig. \B) shows a diffuse perinuclear staining with P unc ? ale structures throughout the cytoplasm. At the extremi- 

distinct vesicular structures in the periphery of the cytoplasm, ties of the , HPS cytoplasm adjacent to the cell borders, large 

The phase contrast image of the HPS cells (Fig. 1 £) sh ws an vesicular bodies could be observed as well as in pseudopodia- 

attenuated cytoplasm containing sparse refractile 1 structures like extensions of the cytoplasm. In both trie HPS and TSU- 

interspersed between an extensive network of stress fibers. HPS prl cells, the normal rabbit serum controls for the immunoflu- 

ceils were slightly immunoHuorescent for keratin intermediate orescence studies exhibited negligible fluorescence (not shown). 
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Ploidy of TSU-prl and HPS Cells. The ploidy of the various 
cell lines are expressed as a D.I., ;vhcrc a D.!. of 1.0 (range, 
0.9-1.1) is considered diploid and a D.i. <0.9 01 >i.i i<» 
considered aneuploid. Hence, the TSU-prl cells were recog- 
nized as aneuploid with a D.I, of 1.63, the HPS cells with a 
D.!. of 0.98 are diploid, and in comparison the murine 3T3 
cells with a D I. of I .69 are aneuploid. 

Western Blot f NGF-Iike Immunoreactivity. Fig. 2 shows the 
Western blots of NGF-Iike protein in the TSU-prl and HPS 
secretory protein. Under reduced and nonreduced conditions of 
the TSU-prl (lanes I and 3) and HPS (lanes 2 and 4) secretory 
proteins a major band of approximately A/ r 65,000 was identi- 
fied. In the HPS secretory protein minor bands of M r 61,000 
and 42,000 were observed under reduced conditions (lane 2), 
■ whereas- under nonreduced conditions (lane. 4) the only minor 
band consisted of an M T 42,000 protein. NGF antibody Western 
^ blots of ;^etbry protein from PC-3, DU-145; and LNCaP 
> cells ^r^rmed^the presence of NGF-Iike proteins; in these 
; ; ; additionalneoplastic epithelial cell lines of the human prostate 
; (not sKcwn).- 6- . ' " ;V' *'-: r ^ ' ' 
PC32 r fteunie Outgrowth. Fig. 3 shoivs PC 12 cells cultured 
in HanTs F-I2/DMEM with 10% HS/5&FCS supplemented 
with secretory proteins from the TSU-prl and HPS cells, as 
well as BSA, m NGF, and hNGF. PCI2 cells cultured with 50 
: Mg/ml J5U-pr I secretory protein (Fig. 3A) or 50 ^g/m\ HPS 
L , : ; secretory ^otein ' (Fig. 35) supplemented to- Hani's ^F-f2/. 
^ DME^I^ith \W HS/5% PCS exhibited n^uriterout 
\ : a^ijie^ £iid doWe-uepeiiueni manner. Generally.; hcuntcs: v^?e ; 



withqijfme^ „. _ „ r K ^ T , . 7TV l ^„__.„,__,, 

"^'aftcr.^m'ch further neurite'out^owth^ ^U:Prl%w^ 



neurite outgrowth. Positive control cultures of PCI 2 cells in- 
[ ; " Ha?? ^ F-l?/nMFM supplemented with 10% HS/ 
3% FC3 Mipt»cukcmCu w, r ;!, 50 ng/,»I rr.NGF (Fig. 3£) or 50 
ng/ml hNGF (Fig. 3F) exhibited characteristics of neurite 
outgrowth comparable to that induced by the TSU-prl and 
HPS secretory protein. NGF antibody immunoneutralization 
of TSU-prl and HPS secretory proteins, as well as the mNGF 
and hNGF, partially inhibited neurite outgrowth from the PCI 2 
cells (not shown). 

Paracrine Influence of TSU-prl and HPS Cell Secretory Pro- 
tein on Cell Growth. Fig. 4 shows the dose-dependent effect of 
TSU-prl epithelial cell protein on HPS relative proliferation. 
HPS cells, were maximally stimulated 1.8-fold by TSU-prl 
secretory protein at a concentration of 100 jig/ml (P < 0.05). 
HPS relative proliferation was stimulated 10-fold by 10% FCS/ 
T in Hani's F-12/DMEM (P<0.0l) and 4-fold by \% FCS/T 
in Ham's p i 2/DMEM (P < 0.0 1 ); Prior immunoprecipitation 
of the maximal stimulatory dose of TSU-prl secretory protein 
( 1 00jug/^i>3vith 3 rM l NGF antibody/1500 M l secretory protein - 
solution (0^2% antiserum) reduced HPS relative proliferation 
to 52% of the maximal levels (P < 0.01). Addition of NGF 
antiserum to th*. maximal stimulatory dose of TSU-prl secre- 
tory protein equvaicm io i % uf u.c mim tuiiiiiii. for i.u.T.ur.C 
neutralization resulted in a 4-fold stimulation of HPS cell 
relative growth, this effect appears to result from unknown 
components in, the NGF antiserum. Hence, immunoneutrali- 
zation studies were performed with NGF antiserum limited to 
Q : 2% ; of t he total sample volume. Interestingly, prw - 
•^WlfU^ v 9T *!^l?^ prl secr^ory protein aJTOI^or ^ 
b RGE ^jit^ody did :noV significantly influence i8^ef^t'oif^)m^ 



' ^"Pl^W^ tution Jpf^the-NGI^antibody witli 'normal rabbit serum w a 

- — "#■-"*-— » v . - * rnfcriirio'r: nr^arof^n j;^ ^i^^uift^K^jir^ir i^yr 



^ : ;^ ; J*I?^^ n §HT ite -?^ the f same cell 

cytoplL.. T „ _ „ 

\ jptj^ Native conu6rcuiturc^i 

r - ^cells iricubaW supn^m^t^ 
"' ^M^^^^S '^1?^ 3C) v or suppiemented 

^^f^t^0^! d - , , „ - h - wn.^.w 

i of FGi ; I^S^ ia^lliivd^n ^!^??!^ dose of HPS secretory 



. t _ . /e.coniroi cuiiuresoi rej^cxiib incuuui^ 

Hahk^b^fier ^r/Ham:s; Fr 1 2/DM 

— - ^ t; - , f r ...... e r ;r j^.- IT ?rst2CH J^r {^^^m^imal proliferation of the TSU-pjrt 



;X : v- 5 . 2- ; ?.growt¥oT4he -TSfe-br 1 cells^Renlacement of thkisiih F Wnti'ttHd' 1 / 



\ory;pr^t^n^h antibody diaSipMign^ 





TSU HPS TSU HPS 



Fig. 2. Western blots of NGF-Iike proteins in TSU-prl cell and HPS cell 
secretory protein. The location of molecular weigh! standards (M\V; x!0 _, K and 
anti-NGF immunoreacied TSU-prl cell protein {lanes I and 3) and HPS cell 
protein (lanes 2 and 4) under reduced (lanes I and >) and nonreduced {lanes 3 
and 4) conditions are demonstrated. This is a typical Western bloi analysis from 
three independent experiments. 



DISCUSSION • 

' ,i • Vimentin intermediate filaments are generally characteristic 
V\ }!* °^ meseneHymai cells, whereas keratin intermediate filaments 
^qq are genera! !y; characteristic of epithelial cells (28). However 
some carcinoma cells have been shown to express vimentin and 
1 keratin intermediate filaments concurrently (29). Hence, 

^ expression of both keratin and vimentin intermediate filaments 
in the aneupl id TSU-prl epithelial tumor cells is consistent 
with demonstrations of vimeniin expression in breast carcino- 
mas (30), breast cancer epithelial cell lines (31), and prostatic 
epithelial tumor cell lines (14). Expression of vimentin in 
transformed epithelial cells has been correlated with the more 
malignant phen type of hormone-independent cells (31). 
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Fig. 3. Neurite outgrowth from PCI 2 cells. 
PC 1 2 ceils cultured according to process Jc- 
scribed in:rMaterials and Methods** for 3 days . 
in the presence of 50 ^g/ml TSU-pr I secretory ■ 
protein M), 50 Ag/ml HPS secretory protein 
(fl), 50 /ig/ml.BSA (C), no additional protein 
U>), 50,ng/ml.mNGF ( <£), and .50 ng/ml 
hNGF (f). PCI 2 cells with neurite outgrowth 
exhibited branching of neiirites (arrows) and 
multiple outgrowths of neiirites from the same 
cell (arrowheads). The photographs are repre- 
Mmiuiivc of four independent experiments. 
Bars, 50 urn. 



•„J~-'- 




■*;-ri 

"I.' 



j20 40. 60 tt) 100 t 
. : . . T3ii-pr I Ceii Froiorn;< pg/'mi:} , " 

Fig. 4. Dose-dependent relative growth of HPS cells in response to TSL'-prl 
secretory protein. Jmmunoneutraliiation of the maximal stimulator) dose of 
TSU-prl cell secretory protein (100 ng/ml) with NGF antibody (6.2^ antiserum), 
aFGF antibody, and bFGF antibody. Point, mean (6ar; ±SEM)from four inde- 
pendent experiments. *P< 0.0 1. ^\ . 

Therefore, expression of vimentin in immortalized epithelial 
cells may accompany epithelio-mesenchymal transition to the 
malignant phenotype. In contrast, the localization of vimentin 
and relative absence of keratin immunofluorescence in the 
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Fig. 5 Dosc-iiepcnden i reiai ivc growi "n of TSij -pr twits in' response to n PS 
cell secretory protein. The maximal stimulatory dose of HPS cell secretory' protein 
<20#ig/ml) was treated with NGF antibody. aFGF antibody, and bFGF antibody. 
Point, mean ( ttat\ ±SEM ) from .seven independent experiments. < 0.01. 

diploid HPS ceil line suggest that these cells have retained an 
in vitro phenotype comparable to their in vivo counterparts. 

Since the early work of Harper et ai, ( 1 7) demonstrating the 
presence of NGF-like protein in the prostate gland of the guinea 
pig, several investigators have found NGF-like proteins 
tiiroughout the male reproductive system including the seminal 
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vesicles (20), testis (32, 33), epididymis (33), and spermatozoa 
(34). Of particular interest is the bservalioii that nonmaSignant 
prostates (35) and prostatic adenocarcinomas (19) are imtnu- 
noreactive for a NGF-like protein. Our demonstration of the 
secretion of NGF-like protein(s) by both a human prostatic 
epithelial tumor celt line (TSU-prl) and a prostatic stromal cell 
line (HPS) along with the ability of these proteins to modify 
the growth of these cells is consistent with a paracrine function 
for the NGF-like protein(s). Clearly, growth of the epithelial 
tumor cells appears to be sensitive to the NGF-like protein 
since immunoneutralization of the HPS secretory protein re- 
duced epithelial tumor cell growth to 16% of that observed with 
the intact HPS secretory protein. Similarly, growth of the HPS 
cells appears sensitive to the NGF-like protein since immuno- 
neutralization of the TSUrpr l secretoi^ protein reduced HPS 
cell;jgi^Wth to 52% of that observed with the intact TSU-prl 
; proteinic clear that TSU-prl epithelial tumor cells 
j and^H^v^Hs^each regulate the growth of the .other ,via^ a 
, paraeriS^ NGF-likb protein(s). Jnter- 
estingly^ of both aFGF aiifd bFGF": frbni 
.*'!' the secretory' proteins of the TSU-pr! cells and the HPS ceils 
did no t influen ce the paracrine regulation of growth of these 



two ceil types. The prostate has been shown to be a rich source™" 
of aFGF (1 4) and bFjGr; ( 12, 13). However, since aFGF and 
bFGF lack a hydrophobic leader sequence for their secretion 
(36), it seems more likely that tfiese FGF proteins may partic- 
ipate in^utocrine-regulated growth, as recently suggested jby 



and neurotrophin-3 (47, 48) are polypeptides of similar molec- 
ular weigms and with isoelectric points to NGF and share 

nearly 50% homology ufaiuisau avid jcsiuucS. AitliOiigii t«£S6 

proteins exhibit unique patterns of biological activity for differ- 
ent neurons and distribution patterns of mRNA in the brain 
(49), it is possible that polyclonal antibodies to NGF may cross- 
react with these similar molecules. The NGF-like protein(s) 
that we describe may be the product of one of these neurotro- 
phin genes or of an additional member of this gene family. 

In addition to the immunological identity of NGF-like pro- 
teins in the TSU-prl cells and HPS cells by immunocytochem- 
istry, Western blot, and immunoneutralization, the functional 
assay of NGF-like activity by PCI 2 neurite outgrowth in re- 
sponse to secretory proteins from the TSU-prl cells and HPS 
cells provides strong corroborative evidence for the expression 
of NGF-like protein in these prostatic cells. The PC 1 2 cells can 
differentiate;al6ng the lines of either chromaffin cells or; when 
grown in $e presence of NGF, can differentiate into neuronal 
like ccllsT(5Q) as indicated by the phenotypic outgrowth of 
neurites (27^ the development of small vesicles, and the ability 
to become >!ec!rica!!y excitable ('Si). Hence/ the ability of 
prostat ic secretory proteins from TSU-prl cells and HPS cells 
to promote FCn~ mneTeniiaiion io a neuronal phenuiype is 
consistent with the secretion of high molecular weight prostate- 
specific forms of NGF-like protein. 
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^ identified/a rnajcr band of approximately A/ r 65^666 in both 
i cell typesiSince' tHe mature form of murine submaxillary gland 
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1' (39), which jare. generated by proteolytic cleavage of lair^e' 
r precursor pi^em;H(4b), the M t 65,000 prostatic NGF-like prp- 
tein recognized in the Western blots either may represent a 
i prostatic . precursor form of the NGF protein or may bejia 
V distinct protein Avhich belongs to the NGF family of proteins. 
With regard to the first possibility, precedents for high molec- 
ular weight proteins corresponding to putative NGF precursor 
proteins or partial cleavage products have been reported for the 
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ABSTRACT 

Shionogi carcinoma 1 15 (SCI 15) has been accepted for 20 years as an 
androgen-responsive moose mammary tumor. Recently, the growth of the 
tumor was also found to be stimulated by pharmacological, but not 
physiological, doses of glucocorticoid. In a serum-free culture system 
[Ham's F-! 2:Eagle*s mini m a l essential medium (I:!, v/v) containing 0. ! % 
bovine serum albumin], we have established that lO" 8 m testosterone, or 
10"* m dexamethasone significantly stimulates the growth of SC-3 cells 
(a cloned cell line from a SC115 tumor) via androgen and glucocorticoid 
receptors, respectively. Recently, we demonstrated that the testosterone- 
induced growth of SC-3 cells is mediated through autocrine fibroblast 
growth factor (FGF>like peptides). In the present study, mechanisms 
of glucocorticoid- induced growth of SC-3 cells were investigated. Serum- 
free conditioned medium obtained from 10" 6 M dexamethasone-stimu- 
iated SC-3 cells was fractionated by heparin-Sepharose affinity chroma- 
tography; one sharp peak of growth-stimulatory activity for SC-3 cells, 
eluted at 1 J m NaCl, was identified. When the peak fraction was added 
to serum-free medium, the shape of SC-3 cells changed from an epithelial 
to a fibroblast-like appearance, similar to that induced with testosterone 
or basic (b)FGF. Furthermore, the growth-stimulatory activity induced 
with the peak fraction as well as testosterone or bFCF was markedly 
inhibited by anti-bFGF antibody immunoglobulin C (75 to 90% inhibition 
was obtained), and the specific binding of ! M J-bFGF on SC-3 cells was 
significantly inhibited by the peak fraction, these results suggest that 
the glucocorticoid-induced growth of SC-3 ceils is also mediated through 
FGF-like peptides) in an autocrine mechanism, which is very similar to 
that induced by testosterone, if not identical.- v * . 



IINTTRODUCTlbN ; 

Androgen-responsive mouse mammary carcinoma, SCI 15 1 
which was established in 1964 (!), has maintained androgen 
responsiveness for growth for more than 20 yr; It has been 
generally accepted that the growth of SCI 15 cells as-stimulated 

nly by androgen in vivo (2-6) and in cell culture (7-10) when 
physiological levels of hormones are considered and that the 
growth-stimulatory effect of androgen is mediated through AR 
(3-10). In addition, some rather conflicting -data regarding the 
effects of glucocorticoids on the growth oYSCi 15 ceiis, such as 
stimulatory, biphasic, or no effects of glucocorticoids, were also 
reported (11-13). However, this issue has become more clear 
by recent studies; the growth is also stimulated by pharmaco- 
logical, but not physiological, doses of glucocorticoids via GR 
in vitro (14-17) and in vivo (16, 17). 

We have established a serum-free culture system using SCI 15 
cells [Ham's F-12:M EM (1:1, v/v) containing 0.1% BSA] in 
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order to demonstrate molecular mechanisms of androgen-in- 
duced growth of SCI 15 cells in relation to growth factors (18) 
In the serum-free medium, the growth of SGI 15 cells is stimu- 
lated not only by physiological levels of androgen but also by 
pharmacological, but not physiological, levels of glucocorticoid 
(16-18). By using the sernm-free culture system, we recently 
demonstrated that the androgen-induced growth of SC-3 cells 
(a cloned cell line from SCI 15 cells) is meifiated through FGF- 
like growth factors)* in an autocrine mechanism (19-23). H w- 
ever, little is known, about; the mechanism of glucocorticoirJ- 
indueed growth of SC-3 ceils. In the present study, we analyzed 
the serum-free CM obtained from dexamethasone-stimulated 
SC-3 cells to examine the possibility that the glucocorticoid- 
mduced growth of SC-3 cells is also mediated through such 
FGF-like growth factor(s), since only FGf 7 was found to stim- 
ulate the proliferation of the cells among the various growth 
factors examined (24). * " / •*:: ■; -,r ? ■< . 

* '.s* 1 :*-v-V-.": \ V.;V ^ "-iv v-. 
MATERIA^ANDfMETHODS j , 

' the^calst J^f^H nonradioactive " 

sterols were obtained,as descried previously ( 1 7). BSA (essential fatty : 
acid free) was purchased .frbiri Sigma Chemical. Co. (St. Louis, MO) 

^ f v ^ ain bF GF was from R&D System, inc. (Minn'eap- ~ 
olis, IS4N). ' ;i-brvGF (specific activity, lOOO Ci/mmol) was from Amer- 
sham International (Buckinghamshire, England). Antibody IgG against 
bovine brain bFGF (R&D System) and control igG were obtained as 



.'■ j ..*„ --r were uuiainea as.. 

t . Previously^); -Heparin-Sepharose was from Pharmacia 

; (Piscataway, NJ). The other chemicals used here were of analytical 
.grade. ^ ..■ ,.p .--^r\ i< • r-^ . /r ;; . " 

■; • Cloning and Cell Cuihire.>The cetf line used "mine present study was V 
f d>rivedjfrom an;andr6gentdependent mouse mammary SCI 15 tunio? ^ 
The method for clomngjb obtain SC : 3 cellMone of androgen-depend- 
ent cloned cell : lines),was described previously ; (18). SC 7 3 cells were ? 
cultured continuously' in a maintenance meoium composed of MEM 
added with .2% DCC-treated FCS and iO: 8 m testosterone Cells were 
cultured in a humidified incubator m 9S% air -5% iCbj at*37"C 

DN A Synthesis' in Cultured Cells! ThVf method W^rs^^- 
' medium was described previdusly '( 1 7). Ihs also outlined bnefly in the J 
legendof Fig; I.* • ^ ■* .-w ,y . 

Preparation of Serani-free CJvt and Partial Purification oT Aridrogen- 
or Glucocorticoid-induced iGrowth Factors;' SC-3 cells {2,'5,ror 8 x I(H 
celis/l 00-mm: dish for testosterone (+),, dexamethasone (+), or none 
(control), respectively] were plated and cultured as described previously 
(19). Then; serum-free ^CMs, (2 liters). obtained ,in the absence or 
presence of IO 8 m testosterone or *|<V* m dexamethasone were col- 
lected, filtered, and concentrated (up to 20-fold) as 'descriWd previously 
(19). Before filtration, 10"* m dexamethasone was added to the control 
CM. CMs obtained in the absence and presence of testosterone or 
dexamethasone were used as CM(-), CM(T), and CM(D), respectively 
The total cell numbers on dishes were almost , the same among the three 
conditions. Each CM (100 ml) was applied to a column of heparin- 
Sepharose (gel bed volume, 1 .0 ml), preequilibrated with 10 dim Tris- 
HCI buffer (pH 7.0 at 20T) containing 0.3 m NaCl and 0.2% (w/v) 
CHAPS, After a wash with 5Q ml of the equilibrated buffer, materials 
bound to the column were eluted with a linear gradient of 0.3 to 2.3 M 
NaCl in 10 mM Tris-HCI buffer (pH 7.0 at 20'C) containing 0.2% (w/ 
v) CHAPS (20 ml) at a flow rate of 1 0 ml/h. Each fraction was dialyzed 
3006 
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n£, u s, "" ulal . or >* effec,s of "O"* '<> 10"* m testosterone or dexamethasone 
on I HIthynndme incorporation in SC-3 cells in serum-free medium. SC-3 ceUs 
were plated qmo a 96-well plate (3 x 10* cells/well) containing 0.15 ml of MEM 
added with -K DCC-treated FCS. On the following day (Day 0), the medium 
was changed to 0.15 ml of serum-free medium |Hanfs F-I2:MEM <M v/vl 
containing 0. l?c BSA| in the absence or presence of various coticentratfons of 
testosterone (O) or dexamethasone (•). On Day 3, the cells were pulsed with f 3 H1 
thymidmeaOJS pCi/0.15 ml per well) for 2 h at 37*C, and the ratoacthity 
incorporated into the cells was measured. Points, mean of three determinations: 
bm SE. P < 0.01; P < 0.001. when compared to none (in the absence of 
testosterone or: dexamethasone). The other 2 separate trials also* save similar 
results. ./ r »*' * . - . ■ ■•. i . : . r- . 



against 3 liters of Ham's F-12 medium containing 25 um /V-(2-hydrox 
yethyl)piperazine-Ar'-(2-€thanesuironic acid), pH 7.5, and 0.2% (w/v) 
gelatin at 4*C for 24 h. The aliquots (3 pi) of each fraction were added 
to 0. 1 5 ml of serum-free medium to measure the growth-stimulatory 
activity, which was estimated by ['HJthymidine incorporation into SC- 
3 cells. 

Effect of Anri-bFGF Antibody IgG on DNA Synthesis in SC-3 Cells. 
The method was described previously (22). It is also outlined briefly in 
the legend of Fig. 4. 
Binding of ,25 I-bFGF on SC-3 Cells. Subconfluent SC-3 cells on 24- 

well tissue culture clusters were incubated in serum-free medium for 48 

h. After washing twice with binding buffer (Ham's F-12 medium con- 
taining 25 mM A^-(2-hydroxyethy])piperazine-^ / -<2-ethanesulfonic 

acid), pH 7.5, and 0.2% (w/v) gelatin), 0.475 ml of binding buffer 

containing ,25 I-bFGF (20 pM) were added to each well. Then, 25 //I of 

each fraction eluted from a heparin-Sepharose column following appli- 
cation of CM(D) were added. Nonspecific binding was determined in 

the presence of an excess (1 /ig/ml) of unlabeled bFGF. The binding of 

,JJ I-bFGF on the cells was permitted by incubation at I5°C for 4 h. 

'After; incubation, the cells were washed twice with ice-cold binding 

buffer and twice with 1 ml of 2 m NaCI in 20 iriM A(H[2-hydroxy- 

ethyl)piperazine-;V'-(2-ethanesulfonic acid), pH 7.5. The cell-asscciated 

radioactivity was solubilized by incubation with 0.5 ml of the solubili- 
zation buffer (0.5% Triton X- 100 in 0.1 m sodium phosphate, pH 8.1) 

for 20 min at room temperature. Then, aliquots of the solubilization 

buffer were counted on a Packard MINAXi gamma counter. All binding 

assays were performed in triplicate. 
/Uptake and Metabolism of Dexamethasone by SC-3 Cells.: SC-3 cells 

(I x lOVtube) were incubated with 10" 8 m pHJdexamethasone or I0~ 8 

M ['HJtestosterone in 0.5 ml of the serum-free medium at 37'C for the 

indicated^periods of time. After incubation, each suspension added with 
; 5<ml of, ice-cold Hanks' balanced salt solution was immediately applied 
; 10 2^ mm ^ iameter Whatman GF/C glass fiber filters in .'a vacuum 
/" a "!^* -The -filters were washed twice with'5 ml bf ice-cold Hanks' » 

balanced salt solution. Then, the radioactivity ^und to the filters was 
' measured in a scintillation counter. * ^ 1 

( , ;;SC^3 cells (1 x lOYlOO-mm dish) were incubated with 10"" \i pHJ- ;i 
dexamethasone in the serunvfree medium for 2 days at ;37T in 95% 
air-5%^tdi. Two ml of the cultured medium .Wiv.-tkkeU'aW'th'e 
reaction^was terminated by adding 4 ml of chloroform 4 '^ : vortex)hg.': 
tiWce for Train: The chloroform layer was taken but anS evaporated 
J^Ml B*f- After adding the carrier-unlabeled dexamethasone (10 
Mg)» the samples were developed on a thin-la^er enromatbgraphy plate* Y 
precbated with Silica Gel 60F254 (Merck, Darmstadt,' Germany) using 
cydohexanemtethyl ethyl, ketone (1:1, v/v) as a solvent system. The 
carrier dexamethasone was visualized with a UV lamp; The radibactiv- 
ity that emigrated with dexamethasone was then measured by scraping 
"l^S'Ucjl 8€| into the counting vials containing the scintillation 
cocktail: v ■ • y • ■ - !V,i ...... . , ; - ■ /; 

-:;^;:>:> v »; ; -, v ,. ^ : ■ • ■ .■ y^ - ;*v y r'- r 

; i - . 1 J: '■"'V-vI 1 *"^ ■^*P»™- Se P" l « iro « affiniiy chiomatoBraphy' of CMs. Coo^cn'trated 

« — ;VHM^°K ai ^/r? m cultured senira-free medium with SC-3 mIU in the 

^4$P$ ° Effem Of Androgen or Glucocorticoid on . absence <D) l0 r prcsencVoMO-M testosterone (O) or JO^ni dexamethasone^ 

S e, fe in Serum-free Medium. SC-3 celis were cultured With (b ^ ore F>ncentraiion. lO" 6 m dexamethasone was added to the .„ 

^^^onsy testosterone ^n^^for 3 I £ 
days in senim-free medium, and the effects* on f H]thymidine ' , -Materials aM;Methpds^,The growth-stimulatory- aaivity in each fhSSS . 
uptake m SC-3 cells were examined (Fig. 1). Testosterone .? A "^3TO^$^ 

" * ' legend of Figrftwnw. mean of three determinations; The other 2 separate friab ' 

also gave similar results. * v-. ■ . , , - 




stimulated the uptake in a concentration-dependent manner, 
and the maximum uptake was obtained at 10^ 8 m. Dexameth- 
asone also stimulated the uptake in a concentration-dependent 
manner. In this case, the maximum uptake was obtained at 10~* 
m and was about 20% of that induced by testosterone; Similar 
result^ were also obtained when the effects of testosterone or 
dexamethasone on cell number were examined (data not 
shown). 

Glucocorticoid-induced Heparin-binding Growth Factors) Se- 
creted from SC-3 Cells. To examine the molecular mechanism 
of glucocorticoid-induced growth of SC-3 cells, CM obtained 



from: lOr* m dexamethasone-stimiilated . SC-3 cells (CM(D)] 
was fractionated by heparin-Sepharose affinity chromatography 
(Fig. 2). One sharp peak of growth-stimulatory activity for SC- 
3 cells, eluted at 1.3 m NaCI, was identified! Although the 
growth-stimulatory activity was lower, the elution pattern was 
almost identical to that obtained from CM of 10" 8 m test ster- 
one-stimulated SC-3 cells [CM(T)J. CM(-) obtained with ut 
addition had no such peak. 
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Fig. 3. Epithelial appearance [with no addition (C)J, fibroblast-like appearance 
(in the presence of 10"' m testosterone (70. 1 ng/ml6fbFGF(f6'f), peak fraction 
(2%, v/v) from CM(T) (CMTK or peak fraction <rv . v/v) from CM<D) (0/0)1. 
and intermediate shape of SC-3 cells (in the presence of 10'* m dexamcthasone 
(D)] observed on Day 3 of serum-free culture. Cells were photographed through 
contrast optics, x 100. The other 2 separate trials also gave similar results. 



= tSOOO- 



E 



i 

8 

c 

" 

.s ■ 

a-" 

. i: 

i5 



10000 



5000 































- 1 • 






















** 




**> 


•i 





; ; ' ■ ' . ..' :'. T-; r' P >WFrLft; cmw; *cm(d) :;J l 

Fig. 4. Neutralization of testosterone-. •: dcxamcU'asone-. bFGF-. or CMs- 
r i"^ 5 , 1 ^?. 131 " 1 "^ ft* "P tak £ in SC^icclte^ antirbKGPamibodA 

IgG. SC-3 cells wcrtf plated as shown in Fig, I . On the .following davl the medium 

v was changed to 0.15 ml of scrum-free medium added with I0-" m testosterone 
^/Vw^^f rne - haS .°! e m 1 ng/ml of > F GF. peaK fraction (2<V, v/v) from 

y ™ffil C #^ from CM(D)(0/WI in the presence 

SV.?? Mg ? m{ Pf anl, ^ FGF antibody IgG (■) or control IgG (□). On Dav \ the 
| H]thymidine.uptake in SCO cells was estimated a^shown in Fig, I. Co/twins 
mean of three determinations: bars. SE. .*. p.< u.Oi: . P < OuOi when 
compared I with controj IgG. The other 2 separate ic%alsp gaye,similar results. 

4 Morphology pfSC^ Cells Stimulated fe^rogeiv Glueocor- 
ticoid, FGF ; or Partially JFtoffiedFacfo^ cells 
cultured inthe ^rum-free medium with no addition showed an 
epithelial appearance (Fig. 3). The shape was changed to; a 
fibroblast-like appearance by the addition of bFGF (1 ng/mi), 
testosterone ( 1 6 8 m), or partially purified growth factors) from 
CM(T) by a heparin-Sepharose column. The shape showed an 
intermediate morphology in the presence of I0~ 6 Mdexameth- 
asone. However, SG3 cells showed the complete fibroblast-like 
appearance in the presence of partially purified growth factorts) 
fromCM(D). . 

Inhibitory Effects of Anti-bFGF Antibody IgG on the Growth 
of SC-3 Cells. In previous studies, we demonstrated that anti- 
bFGF antibody IgG inhibits ['HJthymidine uptake in SC-3 cells 
induced by testosterone, bFGF, or partially purified androgen- 



induced growth factor's) (22, 23). To examine the possibility 
that the glucocorticoid-induced growth factors) is also FGF- 
like peptide(s), we studied the effect of anti-bFGF antibody IgG 
on DNA synthesis in SC-3 cells induced by partially purified 
glucocorticoid-induced growth !actor(s). As sh wn in Fig. 4, 
['HJthymidine uptake in SC-3 cells induced with I ng/ml of 
bFGF, I0" K m testoster ne, or I0~ h m dexamethasone was 
markedly inhibited (ab ut 90%) by 200 jig/m\ of anti-bFGF 
antibody IgG. The antibody IgG also significantly inhibited 
[ HJthymidine uptake induced by partially purified androgen- 
or glucocorticoid-induced growth factor(s). Approximately 75% 
inhibition was attained. 

Interaction of Partially Purified Glucocorticoid-induced Hep- 
arin-binding Growth Factors) with FGF Receptor on SC-3 Cells. 
Androgen-induced growth factor(s) secreted from SC-3 cells is 
shown to bind tbJhe FGF receptor on SC-3 cells (23). In the 
present study, we examined the possibility that the glucoc rti- 
coid-indueed growth factor(s) also, displaced the binding of 
bFGF on SC-3 pells. As shown in Fig. 5, the specific binding 
of '-*l-bFGF on SC-3 cells was markedly reduced by the addi- 
tion of partially purified glucocorticoid-induced growth fac- 
tors) obtained from CM(D), which was present in a peak 
, fraction (Fraction 1 7 in Fig. 2). On the other hand, the fracti n 
without growth-stimulatory activity (Fraction 28) did not dis- 
place the binding of . r:5 l-bFGF on SC-3. cells. - , 

Effects of Dexamethasone on Testosterone-induced DNA Syn- 
thesis in SCO Cells under Serum-free Conditions. DNA synthe- 
sis in SC-3 cells stimulated by testosterone reached a plateau 
at the concentration pf 10 « m (Figs. 1 and 6). When 10 A m 
dexamethasone .w^ Wded in various concentrations of testos- 
terone, a marked growth* stimulation induced by greater than 
10 8 m testosterone was significantly inhibited (Fig. 6)7 On the 
other hand, a weak-stimulation by 10~' ' to 10:'° m testosterone 
was significantly enhanced by the addition of 1CT 6 m dexameth- 
asone (Fig. 6). (:"> . .; * .1^ t 
- Uptake and Meti^ In 
.order.to investigate the reason; why the effective concentration 
of Hovametha^nP via'CR is about- 100-foid hieher than that of 
testosterone via AR,the uptake of dexamethasone in SC-3 cells : 
was.examined first: As shown in Table I , the uptaktfbf dexa* 1 
methasone in S£-3 cells;was lower than that of testosterone : 




' N6.17* Nb!28 

Fig. 5. /Inhibition of ''^braF binding on' SC-3 cells bv partially purified 
gj^imcoid-induccd growth factors). SC-3 cells prepared as described in 
"Materials and Methods" in binding buffer were incubated, wi|h ,ls l-bFGF (20 
PM) and 25-pl (5*7, \/\) fractions obtained from^NKD) (No. 17, fraction with 
highest growth-stimulatorv r activity. No. 28. fraction with no growth-stimulatory 
R? uS" J! 10 incbb:llion was Performed at 15'Cfor 4 h. The specific binding or 

l-bFGF is expressed as percentage, taking the value without addition of the 
fractions as !00 r ;. (The absolute cpm of specifically bound bFGF obtained by the 
addition of No. 28 and No. I7werc I940±20and 760+ IOcpm/4 x I0 5 cells, 
respectively.) Columns, mean of ih.ve determinations: bars, SE ** P < 0001 
when compared with control (No. 28). The other 3 separate trials also gave similw 
results. 
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FigV. 6. Effects of 10"* m dcxamcihasone on DNA synthesis in SC-3 cells 
induced by 10"*' lo I0~ 6 m tcsiostcrone in scrum-free* medium. SCO cells were 
. plated as shown in Fig. I, On the following day, the medium was changed tc 0.15 
ml of the s,cmm-frcc medium in the absence or presence of various concent rat tons 
of testosterone (O) or various concentrations of testosterone plus 10"* m dexa- 
methasone (•). ['HJThymidinc incorporation was measured on Day X as shown 
in Fig. I. Points, mean of three determinations; bars. SE. *, P < 0.01, when 
compared with testosterone alone. The other 2 separate trials also gave similar 

reSUltS.-' ' . ' 



v \, Tablc 1 Vptftke of dexamethasone or testosterone in SC-3 \ cells 

cells (I x JOViube) were incubated with I0"« m | 3 Hldexamcthasonc oV 
( HJicstosteronc for the indicated periods of time. Uptake .of the steroids was 
measured as described in "Materials and Methods." The other two separate trials 
, % also gave similar results., . , * w .„ ■ . 1 <' :.!^i*r. i ." - 

" ' : i : ; Incubation time (min) »V ' ^ • - 



10 



20 



Dexamethasone 
■ Testosterone, . , 



1.21° 
2.17 



1.28 
2.45 



1-75 ' 
4.10 



'2.32 



•5.64 



' Mean of duplicate tubes (fmol/10 5 cells). 



» (49 -° Wfih iP e "Ptajces of dexamethasone and testosterone 
.graduaOy ii^crease^ during the first 20 m in and, thereafter, rib 
V}9 r i £^?r|cabie increases weicuuserved up to 1 h. MctabcSisih 
?/ PMi^W^^one^y SC-3 cells was examined next. SG3, 



stimulatory effects induced by testosterone, FGF, or the andro- 
gen-induced growth factors) were markedly and similarly neu- 
tralized by anti-bFGF antib dy IgG (22, 23). (c) The androgen- 
induced growth factors) was shown to bind to FGF receptors 
on SC-3 cells (23). These findings strongly « U ggest that the 
androgen-induced gr wth factors) secreted by SC-3 cells is 
FGF-like peptide(s). The above previous findings on the andro- 
gen-induced growth of SC-3 cells through the androgen-induced 
FGF-like growth factor(s) ( 1 9-24) are confirmed by the present 
results shown in Figs. 1 to 4. 

On the one hand, growth-stimulatory effects of high concen- 
trations of glucocorticoids on SCI 15 cells have been demon- 
strated by recent (14-17) and the present (Fig. I) studies. 
However, the mechanisms of glucocorticoid-induced growth 
have not been well known. Taking the advantage of our serum- 
free culture system with no addition of any growth factors, 
molecular mechanisms of the dexamethasone-induced growth 
of SC-3 cells were investigated. We found for the first time that 
serum-free conditioned medium obtained from 10~ 6 Nf dexa- T; 
methasone^stimulated SC-3 cells also contains autocrine hepk- 
rin-binding growth factor(s) (Fig. 2), which was eluted from a 
heparin-Sepharose column at the same NaCl concentration as 
that for. .androgen-induced growth factor(s). However, the 
amount of this dexamethasone-induced growth factors) was 
much lower than that of testosterone induced growth factors) 
(Fig. 2). .This partially purified dexamethasone-induced fac- 
tors) induced changes ofthe shape of SC-3 cells to a fibrobiast- 
like appearance (Fig. 3) and inhibited the specific =bindihg of 
,25 I-bFGF;on SC-3 cells (Fig. :*), similar to testosterone; FGF, 
and partially purified testosterone-induced heparin-binding 
growth factor^ Furthermore, the growth-stimulatory activity 
of this partially purified factor(s), FGF, or testosterone-induced 
factors) was markedly and similarly reduced by anti-bFGF \ 
antibody IgG. (Fig. 4). These data strongly suggest that dexa- 
methasone; and testosterone stimulate the growth of St-3 cells 
by secreting ;;yery similar, if not identical, autocrine>FGF-lilce ' 
Y growth tec>or(s)./h % ' \ : - 

Testos^e^ growth-stimulatory effect through AR v 

S?~}9^r$£? dexaniethasone does not bind at aii to in ' 
3 cells; itseffect i£mediated through GR (15, 17, 22)" The hi 



...... . , — , , - , t ff . 

cells were* cuiHsred, in the serum-free medium ccntainfcig 'Iflri'" 3c * ,!s ^^ it 22): The most 
m' pH]dexarnethasone for 2 days. Almost allrf^ 

snne 100 + 1 ^Vin th^ mo/iinm ramoin^ ... A u is that. dexarnethasone-f; R -and tPctnctAWtno-AD ^m_i AV «V 



sone (99 ± \ %) inthe medium remained unchanged 



DISCUSSION 



Recently* we reported that in a serum-free medium contain 
ing no growth factors [Ham's F-12:MEM (1:1, y/v) cbntairiing 

0.1% BSAJ,. only acidic and basic FGFs t have stimulatory •* .v*.v- ... -.^V"— -"-"r^^r*?™^ 

effects on the growth of SC-3 cells; various concentrations of ^^W^^J^.?^^ proteins in SC-3 ceU^^liich 

•■ ■ ■ -•- _ f • : ; ; are identical to those induced bv tKtmtPmnp /^v ri^ha*-! 



is that t dekameth^pne-GR ;and t^stosterone-AR, complexes 
bind to thers^ on the DNA and then 

induce the^r^uction of the same autocrine FGF-iike growth 
factbrXs) anci ihat the activity of glucocorticoid-GR complexes 
to induce^FG^ bwer ihan ihai of aiidfogen-AR 

complexes; Th^ our previous ,.pl£ 

servations^hat ^ dexamethasone weekly stimulates the p/pduc- 



epidermal growth factor, transforming growth factor «; platelet, 
derived growth factor, insuiin, insulin-like growth factors I and 
II, , or nerve growth factor had no effects (21, 24; Footnote 4). 
In addition, serum-free conditioned medium obtained from 1 (H 
M testosterone-stimulated SC-3 * cells contained autocrine 
growth factor(s) v which was partially purified by heparin-Seph- 
arose affinity chromatography (19-21). In further investiga- 
tions, we obtained the following findings regarding this partially 
purified, androgen-induced, heparin-binding growth factors). 
(a) SC-3 cells changed their shape from an epithelial to a 
fibroblast-like appearance by the addition of testosterone, 
FGFs, or the androgen-induced growth factors), (b) Growth- 



4 Unpublished results. 
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are i^enticajl to' those induced by testosterone (25); Fur|her r . , 
rriore^the^rese^ 

supjpoil iKis ideal parbre ct at. (26^27) also repoited^iig^" 
mouse mammary tiimor virus system that dexamethasone and 
testo^ronje stimulate via GR and AR, respectively, the same t 
^"f. If 1 dohed SC I I 5 cells under serum-supplemented condi- \ 
tions: This action could ; be explained on the basis that the 
mouse mamillary tumor virus long terminal repeat can respond 
to both androgen-AR and glue corticoid-GR complexes (26) 
and that binding sites in DNA for. various steroid recept rs 
share, in general, structural similarities (28). However, if this,; 
idea is true, a 100-fold difference in effective concentrations 
between dexamethasone and testosterone is puzzling. Is the 
marked difference explainable by differential metabolism or 
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uptake of the steroids? These possibilities were examined in 
this study. Although the uptake of dexamethasone into the cells 
was slightly lower (40 to 60%) than that of testosterone (Table 
I K almost no metabolism of dexamethasone by the cells was 
demonstrated. In our previous studies (17), the affinity of GR 
for dexamethasone (/T d 5 nM) was 5-fold lower than that of AR 
for testosterone (K d I nM) in SC-3 cells. Furtherm re, Nohno 
et al. (29) recently reported that GR in SCI 15 cells has tw 
different forms in the DNA-binding domain, compared with 
the wild-type mouse GR; one has a one-base substitution at 
1310 (valine to glycine at 437), and the other (found only in 2 
of 1 7 independent clones) has an additional three-base insertion 
between 1373 and 1374. When expressed in COS-1 cells, the 
latter GR from SC I 15 cells had about half of the activity of the 
wild-type mouse GR in a chloramphenicol acetyl transferase 
assay responding to dexamethasone. 5 ; These previous and the 
present findings by us and others on GR of SCI 15 cells, if put 
together, may explain a portion of the marked difference in the 
effective concentrations. However, more intensive and detailed 
investigations on GR of SC-3 cells are required in order to 
understand the marked difference. Furthermore, in order to 
know whether FGF-like growth factors produced by androgen 
and glucocorticoid in SC-3 cells are the same or not, the amino 
acid sequences of both androgen- and giucocorticoid-induced 
growth factors) should be determined/in future studies. 

ACKNOWLEDGMENTS \/, 

The adri^re thank; Dr. ;k. Takeda and;pr ! ::t/kdmeno; Shionogi 
Research Laboratories; for supporting thes| studies. " v . • 

^REFERENCES J ' , ' \ , . ''''[^ * 

; li'Mihesita, TCmd Yamaguchi, K. An andrpgen-dependent tumor'derivcd 
Iroma hormone-independent spontaneous tumor of?a female mouse * Ste- 
roids, 4: 8 1 5-830, 1,964. , / t >* 

2. Minesita; T;i andjYamaguxhi, K. An androgcn^ependcni mouse mamman 
r jumor. CanperRcs./ZJ; 1168-1175, 1965- : : * : V; .v.-. > 

3. Matsumoto; K.Sato, B., and Kitamura, Y. Rofcof androgen and its receptors 
:n me*J» *£»!!S3rv !»m<?r /«> B. S. ,.Le»ng ) Hormonal Reonlniion of 
Mammary Tumors, .Vol., I. .pp. 216-244: £i>>AibansNT: Eden Medical' 

4 Research, Incl, I982: r ' v '*-V.; -i\ , * 

4: Bruchoysk>vN.Va n a Meakin; Jl w: The meuSolism and binding of testos- 
. terone in ffiidrogen-dependcm and autonomous transplantable mouse mam- 
mary; tumore.Xancer Res., J3: 1689-1695. 197V' ^ V 
i?S*K r N « Wakisaka/M., Miyauchi.T.; Shimazak&ciand HosoVa\ T 
Effect of sex hormones on RNA synthesis of androgen-dependcnt mouse 
mammary tumor (Shionogi carcinoma). Endocrinol. Jpn„ 30: IS-2T 1981 
Betenger. A., Le CofT, J-M.; Proulx, L., Caron. S.Vatid Labrie. F. Presence 
ol C- |y steroidsjn mammary Shionugi cureinama '(SCI J 5) in cast rjtcd mk- 1 
Cancer Res.. 45: 6293-6295, 1985. -s..' . ■■■ 

Desmond, ; W. J;^Jr., Wolbers. S: J., and Sato^G^loned mouse mammary 
ceil hnes.requinng androgens for growth in culture. Ceil, &• 79-86 1 976 
. King, R. J B. v Cambray, G. J., and Robinson, J/ H; Tte role of receptors in . 
) 869*87^ ^^W"-^ 10 ™ 0 ^" proliferate 7: 
Juhg-Tesias, l^ j^mo nd, W.. and Baulieu. E^E. Two jieV.ste receptors 



10 

II. 

12. 
13. 

14. 
15. 

16. 

17. 
18 
19. 

20. 



21 



2.1 



26 

. 27. 

/*28. 
•29. 



5 T. NohnoV/ o/., personal communication. 



in SC-1 15 mammary tumor cells. Exp. Cell Res.. 97* 219-232 1976 
Stanley, E. R.. Palmer, R. E.. and Sohn. U. Development of methods for the 
quantitat.ve m ntro analysis of androgen-depcndenl and autonomous Shion- 
ogi carcinoma 1 1 5 cells. Cell. 10: 35-44 1 977 

' ^S^a^ N °.K n °' T - °T! ik ? i ' V Sail0 < ^ ^ Senoo, T. Stimulatory 
efTects of dexamethasone and mdomethacin on growth of androgen-depend 
cnt Shionogi carcinoma 1 15 in the mouse. Cancer Lett., 16: 261-266 1982 
)ates. J., and King R. j. B. Multiple sensitivities of mammary tumor cells' 
in culture. Cancer Res.. 38: 4 1 35-4 1 37, 1 978 

Nohno, T Watanabe, S.. and Saito. T. Evaluation of effect of host immunity 
CanTl^ ~* * ~ 

o^I!h F r Vei,,eUX, R " and F ° Urnier ' /V Glucocorticoids" stimulate the 
IXVn^ Shionogi cells in culture. Mol. Cell. 

SS"f 8i i"\" D aka "!!?; N " Hira0ka> D - Nishi ^ w a- V.; Uchida, N., Nogu- 
ch S ; , Sato. B. and Matsumoto. K. Grow th.stimulating effect of pharma- 
cological doses of glucocorticoid on androgen-responsive Shionogi carcinoma 
115 tn vivo in mice, and in cell culture. Cancer Res., 47: 4329-4334 1987 
Hiraoka. D.. Nakamura. N;. Nishi/awa, Y., Uchida, N.. Noguchi, S Mat- 
sumoto, K.. and Sato. B. Inhibitory and stimulatory effects of glucocorticoid 
on androgen-mduced growth of murine Shionogi carcinoma 1 1 5 in vivo and 
in cell culture. Cancer Res.; 47: 6560-6S64 1987 " : - 
Noguchi, S.^ Nishizawa; Y.. Nakamura. N., Uchida. N., Yamaguchi, K., Sato; 
B. Kitamura. > and Matsumoto. K. Growth-stimulatory effect or pharma- 
cological doses of estrogen on androgen-dcpendent Shionogi carcinoma 115 
m wto but not m cell culture. Cancer Res.. 47: 263-268 1987 
. Nonomura. N., Nakamura. N.. Uchida, N., Noguchi, S., Sato, B.. Sonoda 
T.. and Matsumoto, K. Growth-stimulator) effect of androgen-induced au- 
tocrine growth factors) secreted from Shionogi carcinoma 115 cells on 

a ^m^m!7m ^ l,s in a paracrinc ^ mechanism - Cancer R^s., 

Sato, B.. iNakamura^N,. Noguchi. S". Uchida: N.,- and Matsumoto, K 
Characterization of, ^androgen -dependent autocrine growth factor secreted 
from mouse mammar> carcinoma (Shionogi carcinoma I IS)//ji;.H. Imura 
6o S u«^T*- Sf > os ?' da .(^s.). Progress in Endocrinology, 1988, pp 
99-104. Basel: txecrpta Medica. I9.°8 ' «- , > * 

te„S-^' N., Sudo, K.; Sat^B.^and Matsumotb, K.' 
Proliferation ,pf t Shionogi carcinoma cells caused by androgen-induced fibro- 
blast growthjactor (fGF)-like peptide, in an autocrine m^hanism; /i- M 
Serino (ed.). ^rspective in Andrology. pp. 43 1-438. New York: Raven Press. 

Lu^J. Nishizaw-a, Y-.rTanaka, A.. Nonomura, N., \ amanishi, H.. Uchida, ; 

?" an i ^ als H m o«o* K.,lphibitor> efTect.of antibody against basic 
fibroblast growth : factor on : androgen- or giucocorticoid-induced growth of 
iSl 0 7 n ^a , o C n arCin0 ^^ £ 5 Ci I,s !lerum f ^ c"»ture. Cancer Res. ; 49: 4963- ' 

Nonomura^NuluVJ- Yamanishi. H, Sato •k; ^da,T.,^and Matsumoto^ < 

heparin-bindihg growth factor. I 
«.th fibroblast growth ' factorUeceptor on arid^en-depehdent Shionogi; ? 
carcinoma ! 15 cells. Cancer rtcs.. 50: 2316-2321. ! 990 ■ " ."K ■ • v 

. ^ m >* ra ^ Yairiknish,; a. Lu, j..: iklittC fH- Noiiuiii^ N., :MaU« : l^ 
mom, k, and Sato, B, nrowth-siimulaion'effects'of androgen, high concen- ; 
tration of glucocorticoid; or, fibroblast ; growth .factors on a clnaed cVu Ime 

^^^"S' ^ s ^ zawa - V- Matsumoto.1K:,^ogucW 

■chida. N., and batq, ^. Both androgen and glucocorticoid induce identical 
s«;retory ; protems ; m T Serum-free culture of Shibn6gi> carcinoma 115 cells;. : 
Jpn. J . Cancer Res., 78:- 937^945, 1 987> .It <^ - * . .\ , > 

^ ; ^Moriarty, : A.,, Curtis; S. A.; a nd:Kmg,^R^/ B. Androgen" 
rrgma^lMTV R»N A- . jn . ihe shori tterm in SI 1*5, mouie mammary S 
cells.... Steroid Biochcm.. 23: 379-384. 1985 i ' c, • 

Darbre, P., Page, M^ J., and King. R. J. j$. .Sierojd"regulation i of Transfected 
genes in mouse man?mar> tumor cells. J: Steroid Biochem:./^- I25-I3I.: 

' ^ - V<?"^/f€««*at ipn by ; steroid Hprmones;"retiew^ CTellt 335-3-i4\-: 

Nohno; t;Kasai ,S^/ahd Saito. T. Nov>| cDNA sequence po^ibly generated 
b> alternative sphc»ng ; pf a mouse glucocorticoid .receptor gene transcript 
Irom Shionogi carcinoma 1 1 5 / Nucleic Acids ; Rcs.*7 7.* 445; 1989.- 



3010 



STIC-ILL 

From: 

Sent: 

To: 

Subject: 



Holleran, Anne 

Sunday, March 04, 2001 5:30 PM 
STIC-ILL 

refs. for 09/266,543 



ZO.00 



Examiner: Anne Holleran 
Art Unit: 1642; Rm 8E03 

Phone: 308-8892 
Date needed by: ASAP 

Please send me copies of the following : 



1. Plum, S.M. et al. Vaccine, (2000) 19/9-10, 1294-1303 

2. Aonuma, M. et al. Anticancer Res. (1999, Oct) 19(5B): 4039-4044 



Mu l ler, Y.A. et al. S tructure (199 8) 6(9): 1153--1 167, 

4. Yamagishi, S. et al. J. Biol. Chem. (1997) 272(13): 8723-8730 

5. Koolwijk, P. et al. J. Cell Biology (1996) 132(6): 1177-1188 

6. Matsuo, A. et al. Neuroscience (1994) 60(1): 49-66 

7. Djakiew, D. et al. Cancer Research (1991) 51(12): 3304-3310 

8. Yamanishi, H. et al. Cancer Research (1991) 51(11): 3006-3010 

9. Matsuzaki, K. et al. Japanese J. Cancer Research (1990) 81(4): 345-354 

10. Kardami, E. et al. Growth Factors (1990) 4(1): 69-80 

11. Riss, T.L et al! J. Cellular Physiology (1989) 138(2): 405-414 




1 



ADONIS - Electronic Journal Services 



Requested by 
Adonis 



Article title 


VEGF and the Fab fragment of a humanized neutralizing antibody: Crystal structure of the complex 




at 2.4 @9 resolution and mutational analysis of the interface 


Article identifier 


0969212698004875 


Authors 


Muller_Y_A Chen_Y Christinger_H_W Li_B Cunningham_B_C Lowman_H_B de_Vos_A_M 


Journal title 


Structure 


ISSN 


0969-2126 


Publisher 


Elsevier Current Trends 


Year of publication 


1998 


Volume 


6 


Issue 


9 


Supplement 


0 


Page range 


1153-1167 


Number of pages 


15 


User name 


Adonis 


Cost centre 




PCC 


$20.00 


Date and time 


Monday, March 05, 2001 1 1 :05:1 5 PM 



Copyright © 1991-1999 ADONIS and/or licensors. 



The use of this system and its contents is restricted to the terms and conditions laid down in the Journal Delivery and User Agreement. 
Whilst the information contained on each CD-ROM has been obtained from sources believed to be reliable, no liability shall attach to 
ADONIS or the publisher in respect of any of its contents or in respect of any use of the system. 



18069302 



Research Article 1 1 53 



VEGF and the Fab fragment of a humanized neutralizing 
antibody: crystal structure of th compl x at 2.4 A resolution 
and mutati nal analysis of th int rfac 

Yves A Muller 1 ' 2 , Yvonne Chen 1 , Hans W Christing^r 1 , Bing Li 1 , 
Brian C Cunningham 1 , Henry B Lowman 1 and Abraham M de Vos 1 * 



Background: Vascular endothelial growth factor (VEGF) is a highly specific 
angiogenic growth factor; anti-angiogenic treatment through inhibition of 
receptor activation by VEGF might have important therapeutic applications in 
diseases such as diabetic retinopathy and cancer. A neutralizing anti-VEGF 
antibody shown to suppress tumor growth in an in vivo murine model has been 
used as the basis for production of a humanized version. , 

R suits: We present the crystal structure of the complex between VEGF and 
the Fab fragment of this humanized antibody, as well as a comprehensive 
alanine-scanning analysis of the contact residues on both sides of the interface. 
Although the VEGF residues critical for antibody binding are distinct from those 
important for high-affinity receptor binding, they occupy a common region on 
VEGF, demonstrating that the neutralizing effect of antibody binding results 
from steric blocking of VEGF-receptor interactions. Of the residues buried in 
the VEGF-Fab interface, only a small number are critical for high-affinity 
binding; the essential VEGF residues interact with those of the Fab fragment, 
generating a remarkable functional complementarity at the interface. 

Conclusions: Our findings suggest that the character of antigen-antibody 
int rfaces is similar to that of other protein-protein interfaces, such as 
ligand-r ceptor interactions; in the case of VEGF, the principal difference is 
that the residues essential for binding to the Fab fragment are concentrated in 
one continuous segment of polypeptide chain, whereas those essential for 
binding to the receptor are distributed over four different segments and span 
across the dimer interface. 
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Introduction 

Vascular endothelial growth factor (VEGF) is a highly 
specific angiogenic factor that has been implicated both 
in the de novo formation of blood vessels during embryo- 
genesis (vasculogensis) and in the sprouting of new blood 
vessels from pre-existing ones (angiogenesis) [1-3]. The 
importance of VEGF in normal blood vessel develop- 
ment is emphasized by the observation that deletion of a 
single VEGF allele is lethal [4,5]. Furthermore, exces- 
sive and pathogenic angiogenesis plays a crucial role in a 
number of diseases, such as diabetic retinopathy and 
cancer [3 J. The high specificity of VEGF for prolifera- 
tion of vascular endothelial cells makes VEGF antago- 
nists prime candidates for the suppression of pathogenic 
angiogenesis. This assumption has been substantiated by 
the suppression of tumor growth /// vivo following treat- 
ment with anti-VEGF antibodies in a murine model [(•>]. 
These results prompred the engineering of a humanized 
version of murine neutralizing anti-VEGF antibody A4.6.1 
[7,8], in order to investigate the beneficial effects of anti- 
angiogenic treatment in humans. 



There are rvvo known cellular receptors of VEGF, KDR 
(kinase domain receptor), which triggers the angiogenic 
response, and Fms-like tyrosine kinase 1 (Flt-1). the 
function of which is, as yet. poorly understood |°T The 
same 115 N-terminal residues of VEGF are shared by a 
number of different splicing isoforms that range from 121 
to 206 residues in length [10]. Plasmin cleavage of the 
longer forms shows that the receptor-binding functional- 
ity is contained within the first 110 residues [11]. The 
crystal structure of a truncated construct of VEGF (residues 
8-109) [12] demonstrates that VEGF is a member of the 
cystine knot growth factor family (for a review, sec [13]). 
Extensive mutagenesis data allowed for the mapping of 
the binding epitopes for KDR and Flt-1 onto the surface 
of VEGF [14,151 — the. binding site was shown to he 
localized on the two symmetrical poles of rhe tlimer [151. 
This general location of rhe receptor-binding site was 
confirmed by the crystal structure of VEGF in complex 
with domain 2 of Flt-1 [16], This structure also revealed 
that although the binding determinants for both recep- 
tors, as deduced from the mutagenesis studies, overlap 
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only partially, almost all these residues are in contact 
with domain 2 of Flt-1. suggesting that YKGF binds to 
KDR and Flt-1 in a similar fashion. 

Neutralizing monoclonal antibody A4.6.1 binds tightly to 
YKGF, and this binding event prevents receptor activation 
|6j. In order to gain further insights into the mechanism of 
action of the antibody, we determined the crystal structure 
at 2.4 A resolution of its humanized antigen-binding frag- 
ment, l ; ab-12 I8J. in complex with the receptor-binding 
domain of YKGF. A comparison of this structure with 
those of free YKGF and of YKGF bound to domain 2 of 
Flt-1 shows that the neutralization mechanism of the anti- 
body involves stone blocking of the receptor site, and nor 
induced conformational changes in the ligand. We also per- 
formed an extensive alanine-scanning mutagenesis analysis 
[17| of both the combining site of the Fab fragment and 
the binding epitope of YKGF. Although alanine-scanning 
mutagenesis of the complementarity-determining regions 
(GDRs) in order to determine the relative contribution of 
individual residues to antigen binding has been reported 
before (for example, [181). this is the first comprehensive 
mutational analysis of both the antibody and its antigen in 
combination with detailed structural information. The 
results show that only a small proportion of the residues in 
the interface are important for high-affinity binding, and 
the important residues of the antibody interact with those 
of the antigen to generate a remarkable 'functional' com- 
plementarity. These findings suggest that antigen-anti- 
body interactions are qualitatively similar to other protein- 
protein interactions, such as those between receptors and 
their ligumls \ \% 

Results 

Accuracy of the crystal log raphic model 

The crystal structure of the complex between the receptor- 
binding domain of YKCiF (residues 8-109) (20] and the 
humanized Fab fragment. Fab- 12 [8], of monoclonal anti- 
body A4.6.1 was determined at 2.4 A resolution and refined 
to a crystallographic R value of 19.6% (free R value 26.69?, 
Table 1 ). The crystallographic asymmetric unit contains 
two Fab molecules bound to the symmetrical poles of the 
YKCiF dimer. and the molecular dyad of the YEGF dimer 
coincides with the noncrystallographic twofold symmetry of 
the complex (Figure 1). In both monomers of VEGF, only 
residues 14-107 are defined by their electron density. In 
both Fab molecules, the C-terminal residue Cys214 of the 
light (L) chain is missing and the six C-terminal residues 
Ser215-Thr22() are disordered in both heavy (H) chains. In 
addition, loop 128-133 in the constant domain of both 
heavy chains could not be placed with confidence and was 
therefore omitted from the model. 

The coordinate error of the model as deduced from a o v 
plot [21 J is -0.35 A; deviations from target-mode! geome- 
try- are 0.012 A for bond lengths and 1.66° for bond angles. 



Table 1 



Crystallographic analysis. 



Crystallization and data collection 
Space group 

Cell parameters a, b, c (A) 
P(°) 

Resolution (A) 

Unique reflections 

Average redundancy 

Average I / a 

Overall completeness {%) 

Model 
Total no. of residues 
Contents of asymmetric unit 

No. of solvent molecules 
Total non-H atoms 
Average B factor (A 2 ) 

Diffraction agreement 
Resolution (A) 
R value (%) 
No. of reflections 
Free R value (%) 
No. of reflections 

Anisotropic correction, B n , B 23 , B 33 , B 13 



P2, 

89.86. 66.98, 140.51 
94.27 

20-2.4 (2.48-2.40)* 
63.147 

[ 3.8 

8.6 (3.5)* 
96.0 (81.3)* 
7.1 <12.8>* 



1050 

2 Fab fragments, 

1 VEGF dimer 

549 

8695 

42.0 



8.0-2.4 
19.6 (31.2)* 
54 493 
26.6 (34.1)* 
5 906 

(A 2 ) 3.7,-8.5,4.8,-0.31 



Stereochemistry 
Rmsd 

in bonds (A) 0.012 

in angles (°) 1 .66 
in temperature factors of bonded atoms (A 2 ) 

overall 3.8 

mainchain 2.6 

sidechain 5.0 

*Values for the highest resolution shell given in parenthesis. f R mergo i 
defined as.follows: R merge = 100 - l 2 |/I(I t + ! 2 ) 



Of all 1050 residues. 89.4% are located in the most favor- 
able regions \2Z\ of the Ramachandran plot. Four residues 
are located in disallowed regions, namely residues Ser30 V( 
and Thr51 v , (V, denotes that the residues are located in 
the variable region of the light chain) of both Fab mol- 
ecules in the asymmetric unit. They are part of the GDRs 
1,1 and L2 and will be discussed below. As a result of the 
noncrystallographic symmetry restraints applied during 
refinement, the root mean square deviations (rmsds) 
between equivalent residues are small, namely 0.27 A for 
the mainchain atoms (0.45 A for all atoms) between the 
YKGF" monomers, 0.17 A (0.40 A) for the \\ domains. 
0.42 A (0.72 A) for C, (light chain, constant, 0.16 A (0.19 A) 
for V n (heavy chain, variable), and 0.40 A (0.60 A) for the 
C m (heavy chain, constant) domains. 

The average temperature factor of the model is 40.5 A-. 
Although the average temperature factor of the YEGF 
dimer at 40.6 A- is close to this, the average temperature 
factors of the two Fah fragments are 2,v() A- and 61.4 A- * 
respectively (Figure 2). This difference is entirely accounted 
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for by the differences in mobility between the constant 
domains, because the variable domains have similar average 
temperature factors of 23.7 A 2 and 28.4 respectively. It 
is striking that the lowest temperature factors within both 
VEGF monomers are found for residues involved in the 
VEGF-Fab interface (Figure 2a); moreover, these tem- 
perature factors arc very similar to the average observed 
for the variable domains. As these residues have higher 
than average temperature factors in 12 independent copies 
of free VEGF [12,15], Fab binding appears to have stabi- 
lized this region, enabling it to form a well-ordered inter- 
molecular core that extends from VEGF to the variable 
domain of the Fab fragment. 

The constant domain of one Fab fragment has a very high 
average temperature factor of 100 A-. This high thermal 
mobility is due to the almost complete lack of crystal- 
packing contacts for this domain; similar differences in 
mobility between the constant and variable parts of a Fab 
fragment have been observed before [23], It should be 
noted that the presence of the second, crystallographically 
independent Fab fragment enabled us to model the 
average position of this domain with accuracy. This 
approach is not unlike the use of nuclear magnetic reso- 
nance (NMR) restraints to introduce additional informa- 
tion in the refinement of ribosomal protein L9 [24], which 
had similarly high thermal factors. 

Ov rail structure of VEGF and anti-VEGF Fab 

VEGF is a homodimeric protein and belongs to the family 
of cystine knot growth factors, members of which share a 
similar monomer fold, but differ in their dimerization 
mode [13]. The structure of the receptor-binding domain 
(residues 8-109) of VEGF consists of a central four- 
stranded P sheet that displays the characteristic cystine 
knot at one end [13] and possesses a small hydrophobic 
core at the other end [12,16]. This hydrophobic core is gen- 
erated by residues from loop regions connecting the 
strands of the central |$ sheet, together with residues dis- 
played on the N-terminal a helix of the second subunit, 
across the dimer interface. The dimerization mode of the 
VEGF homodimer is similar to that observed for platelet- 
derived growth factor [25] — a dyad axis oriented perpen- 
dicular to the P sheet places the two four-stranded P sheets 
side by side. No mainchain-mainchain hydrogen bonds arc 
observed between strands across the interface, however. 

The overall structure of VEGF in complex with the Fab 
fragment is very similar to the unbound structure previously 
reported [12]. The two monomers in the crystallographic 
asymmetric unit can be superimposed onto the eight 
monomers observed in the 1.9 A crystal structure with 
average rmsds of 0.73 A (mainchain atoms, residues 15-105). 
These deviations are of the same magnitude as those 
among the eight monomers of free VEGF. Nevertheless, 
although the overall structure is preserved in the complex, 



Figur 1 




Structure 



Ccc representation of the complex of the VEGF dimer bound to two 
Fab molecules. The different chains are named as follows: VEGF A 
(yellow) and VEGF B (red), monomers A and B forming the VEGF 
dimer; Fab A and Fab B , Fab molecules A and B; V L , V H , C H1 , 
variable domain and constant domain of the light chain (in green) and 
of the heavy chain (blue) of the Fab fragment, respectively. 



small but significant differences are observed for some 
residues at the binding epitope of the antibody (see below ). 

The initial framework for the humanization of the anti- 
VEGF antibody was identical to that used for the anti- 
HER2 antibody, anti-pl85 HKR - [26). but some adjustments 
in framework residues were required in order to obtain tight 
binding [7,8], resulting in an overall sequence identity of 
88%. The structures of the variable domains of the anti- 
VKGF Fab can be superimposed on that of anti-pl85 IIKR - 
[27] with an rmsd of 1.04 A (900 mainchain atoms used in 
the superposition); superimposing the constant domains 
yields a deviation of 0.59 A (788 mainchain atoms). The two 
antibodies differ significantly in their elbow angle, despite 
having complete sequence identity among the residues in 
the interface between the variable and constant domains. 
For anti-p!85 HKR2 , the elbow angle is about 160° (program 
CALC-AX; Joachim Meyer, personal communication), in 
comparison to 140° for both copies of the anti-VEGF Fab. 
Both these values fall within the range of 127°-225° previ- 
ously reported for Fab fragments [281. 

The CDR loops of the anti-VEGF Fab have the following 
canonical structures [29]: in the light chain, CDR LI adopts 
canonical structure 2, L2 canonical structure ], and L3 
canonical structure 1; for the heavy chain, canonical struc- 
ture 1 is observed for CDR HI, and canonical structure 2 for 
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Figure 2 
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Average mainchain temperature factors per 
residue for the two copies of each molecule in 
the asymmetric unit (bold and thin lines). The 
temperature factors of (a) VEGF, (b) light 
chain and (c) heavy chain of the anti-VEGF 
Fab are shown. The lowest temperature 
factors in VEGF are observed for segment 
P5-P6, which binds to anti-VEGF. In this 
segment, the temperature factors are similar 
to the average temperature factors observed 
for the variable domains of anti-VEGF. 
Unusually high temperature factors are 
observed for the constant domains of the 
second anti-VEGF Fab molecule (see main 
text). Secondary structure elements of VEGF 
are defined as follows: a1 (residues 16-24), 
P1 (27-34), a2 (35-39), p2 (46-48), P3 
(51-58), p4 (67-69), p5 (73-83), p6 
(89-99) and P7 (1 03-1 05) (1 2]. 



H2. To date, only a single type of structure has been 
reported for CDR L2. In this CDR, the mainchain dihedral 
angles at ThrSl are close to those expected for left-handed 
a helices but nonetheless fall into disallowed regions [22] of 
the Ramachandran plot. Interestingly, the same observation 
has been made for other Fab fragments whose structures 
have been determined (e.g. sec [27,30,31]). Thus, it appears 
that the angles observed at position 51 of CDR L2 consti- 
tute a real shift from a canonical left-handed helical confor- 
mation and that this reflects a general property of L2. A 
similar observation holds true for position 30 in canonical 
structure 2 of CDR LI. 

Antigen-antibody interface 

The anti-VEGF antibody binds VEGF at outer strands p5 
and p6 (Figures 1 and 3), in close proximity to the P turn 



between these strands. The surface area buried in the 
antigen-antibody interface is 835 A- for the antibody 
(Table 2) and 908 A 2 for VKGF (Table 3). A total of 19 
VEGF residues participate in the interface. Residues from 
strand p6 contribute 663 A- (73% of the total buried 
surface area) and residues from strand P5 contribute 
149 A 2 (16%). The remaining contacts to the Fab fragment 
made by VEGF involve two residues displayed from the 
N'-terminal helix al (43 A', or 5%) and two residues from 
the loop connecting a2 to P2 (53 A 2 , or 6%; Figure 4). 

Of the six CDRs of the antibody, LI and L2 are not in 
contact with VEGF. In the remaining CDRs, a total of 25 
residues participate in binding, resulting in the following 
buried surface areas: 68 A' (8%) for L3, 125A- (15%) for 
H 1, 222 k l (27%) for H2, and 420 k l (50%) for H3 (Tabic 2). 
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Figur 3 



Schematic representation of the binding 
epitope of VEGF for the humanized anti-VEGF 
antibody- Residues buried in the interface as 
seen in the crystal structure are colored red; 
residues marked with yellow display a greater 
than 20-fold reduction in binding affinity when 
changed to alanine. For comparison, and to 
allow discussion of the neutralizing effect of 
the antibody, residues buried in the interface 
between VEGF and domain 2 of the FIM 
receptor [1 6) are colored blue, and VEGF 
binding determinants for KDR [1 5] are in 
green. The position of the twofold axis of the 
VEGF dimer is indicated by a black ellipse. 




The total buried surface area of 1744 A- is typical of that 
observed for other Fab fragments bound to protein anti- 
gens [32,33]. The CDR usage conforms to the general- 
nation that L2 is often not required for binding, while 
L3 and H3 are always involved [28,34]. Usually, CDRs of 
:he heavy chain contribute a greater amount of buried 
surface than those of the light chain [32,34]. The ratio 
observed for the VEGF-Fab complex, however, with only 
3% contributed by the light chain and 92% by the heavy 
;hain, appears extreme. 

The CDRs form a shallow cleft on the surface of the 
intibody. The walls of the cleft are formed by L3 and H3 
>n one side, and Hi and H2 on the opposite side. With 



the exception of His86, residues 86-94 of VEGF strand 
p6 are bound in an almost extended conformation along 
the floor of the cleft. His86 is at position i+2 of the type 
II P turn [35] that connects strand P5-06. Adjacent to 
this histidine, a JJ bulge is formed between Gln87 and 
Gly88 of strand fk> and Lys84 of the adjacent strand, j}5 
(Figure 3). Residues 89-94 form a total of five main- 
chain-mainchain hydrogen bonds with the Fab fragment. 
Residues 89-91 are hydrogen bonded to residues 33-31 
of COR HI, forming a short antiparallel [J ladder; a short 
parallel P ladder is formed between VEGF residues 
91-93 and Tyr98-Glyl00 of CDR H3. No mainchain- 
mainchain interactions with the Fab fragment are observed 
for residues 86-88. 
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Table 2 

Atanine-scanning analysis fth Fab phage. 



V L -residue 
number 


IC 50 (muiant)/ 


Buried area 
(A*) 




V H -residue 
number 


IC^mutant)/ 
IC 50 (wt)* 


Buried area 
(A a > 


Arg24 


1.3 


0 


H1 


Gly26 


2.3 


0 


Ala25Ser 


1.1 


0 




Tyr27 


34 (44*) 


0 


Asn26 


1.5 


0 




Thr28 


1.3 


0 


Glu27 


1.2 


0 




Phe29 


16 


0 


Gln28 


1.2 


0 




Thr30 


1.3 


4 


Leu29 


1.4 


0 




Asn31 


>150 


86 


Ser30 


1.5 


0 




Tyr32 


>150 


24 


Asn31 


1.7 


0 




Gly33 


6.1 


11 


Tyr32 


1.9 


0 




Met34 


6.3 


0 


Leu33 


2.2 


0 




Asn35 


66 


0 


Asn34 


3.7 


0 
















H2 


TrpSO 


>150 


53 


Phe50 


1.4 


0 




Ile51 


3.8 


0 


Thr51 


0.78 


0 




Asn52 


>150 


35 


Ser52 


0.75 


0 




Thr52A 


8.6 


2 


Ser53 


0.76 


0 




Tyr53 


8.7 (9.4*) 


96 


Leu54 


0.86 


0 




Thr54 


4.4 


7 


His55 


0.98 


0 




Gly55 


1.1 


0 


Ser56 


0.85 


0 




Glu56 


1.7 


0 










Pro57 


1.5 


0 


Gln89 


3.7 


0 




Thr58 


2.6 (4.2*) 


29 


Gln90 


2.7 


0 




Tyr59 


2.0 


0 


Tyr91 


14 


3 




Ala60Ser 


1.2 


0 


Ser92 


0.90 


11 




Ala6lSer 


1.4 


0 


Thr93 


0.87 


2 




Asp62 


1.4 


0 


Val94 


1.5 


34 




Phe63 


0.97 


0 


Pro95 


3.5 


0 




Phe64 


1.2 


0 


Trp96 


>150 


18 




Arg65 


1.2 


0 


Thr97 


1.4 


0 
















H3 


Tyr95 


150 (1800*) 


13 










Pro96 


38 


14 










His97 


4.1 


56 










Tyr98 


3.8 


122 










Tyr99 


4.6 


36 










GlylOO 


1.8 


39 










SerlOOA 


0.7 


3 










SerlOOB 


>150 


42 










HislOOC 


2.4 (3.8 f ) 


2 










TrplOOD 


>150 


93 










TyrlOOE 


19 


0 










PhelOOF 


25 


0 










AsplOI 


1.9 


0 










Val102A 


1.3 


0 



'The IC^ measurements showed an average error of -25%. t K d (mutant)/K d (wt) by BIAcore; wild type (Y0192) Fab shows an association rate of 
4.1 x10 4 M- 1 s" 1 and a dissociation rate of 1.4 xKHM-'s -1 , yielding a K d (wt) of 3.4 ±0.9 nM. 



The most prominent structural feature of the interface is 
the burial of Gly88 of VEGF in a deep pocket on the 
surface of the antibody-combining site (Figure 5). This 
pocket is best described as a four-walled box with each 
wall being made of the sidechain of a single aromatic 
residue, namely residues Trp96 of CDR L3, Trp50 of H2, 
and Tyr95 and TrplOOD of H3. Gly88 of VEGF is sand- 
wiched between the sidechains of TrpSO of CDR H2 and 
TrplOOD of H3. As a result, its phi and psi angles are 
-180°. In addition, hydrogen bonds are formed between 
Gln87 O of VEGF and Tyr95 On of CDR3 H3, as well as 
between Tyr95 Or\ of H3 and Trp96 Nel of L3. A similar 



molecular box contains Gly92 of VEGF, which is sand- 
wiched between His97 and Tyr98 of CDR H3 and nearby 
residue, Tyr32 of CDR HI. Again, the mainchain torsion 
angles of Gly92 of VKGF are -180°. 

No salt bridges are found at the interface, but several 
sidechain-mediated polar interactions are present. The 
sidechain of Gln89 of VEGF is hydrogen bonded to 
Thr30 O and Thr52A NH of CDRs HI and H2, respec- 
tively. The sidechain of His90 of VEGF is buried in a 
small pocket formed by Pro96, Tyr98. SerlOOB and 
TrplOOD of CDR H3. His90 Ne2 of VEGF is hydrogen 
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Tabl 3 



Alanine-scanning analysis f VEGF. 



VEGF 
residue 


IC^tmutant)/ 
ICgotwt)* 


Buried area 
(A*) 


Fab residues 
within 4.5 A* 


Phe17 


2.4 


26 


V H : Asn31 


Tyr21 


2.5 


17 


V H : Tyr53 


Tyr45 


4,5 


29 


V H ; SerlOOB, TrplOOD 


Phe47 


1 


0 




Lys48 


2.2 


24 


V H : Tyr53 


Gln79 


5.6 


13 


V H : His97 


lieSO 


2.6 


1 


V H : Tyr98 


Met81 


74 


36 


V H : Thr30, Asn31,Tyr53 


Arg82 


22 


55 


V H : Tyr98, 








GlylOO, SeMOOA.SerlOOB 


Ite83 


35 


32 


V H : Asn52 


Lys84 


7,8 


12 


V. • TrDlOOD 


riisoD 


O Q 
Z.O 




vai57*>, vn. i rpou, inroo 


Gln87 


1.4 


115 


v L . oer92, vaiy4, t rpyo 








\/ • T«*KA Tin-tic? t*«i nnr\ 
v^. i rpou, i yryo, i rpi uuu 


Gly88 


40 


37 


V H : TrpSO, Tyr95, Trp1 00D 


Gln89 


102 


131 


V H : Thr30, Asn31 , Tyr32, 
















Asn52 t Thr52A, 








Tyr53 ( Tyr95, TrplOOD 


His90 


1.7 


115 


V H : Asn31,Tyr32 l Tyr95, 








Pro96,Tyr98, SerlOOB, 








His tOOC, TrplOOD 


Ile91 


3.5 


75 


V H : Asn31,Tyr32, Pro96, 








His97, Tyr98 


Gly92 


107 


32 


V H : His97,Tyr98 


Glu93 


4.9 


79 


V H : His97, Tyr98, Tyr99 ( 








GlylOO 


Me194 


5.0 


5 


V H : Tyr98 



*The IC^ measurements showed an average error of about 25%. All 
mutants with fivefold or more decreased affinity for mAb A4.6.1 bound 
within twofold of wild-type affinity to mAb 32.E.1 (data not shown), 
which has a separate, dimer-dependent binding epitope 11 5]. f Fab 
residues underlined are those with a more than 1 50*fold decrease in 
affinity to VEGF, when changed to alanine (see Table 2). 

bonded to SerlOOB Oy of H3. In addition, SerlOOB Oy is 
hydrogen bonded to the guanidinium group of Arg82 of 
VEGF. The interface does not contain any ordered water 
molecules, although a number of waters mediating polar 
interactions between VEGF and the antibody are found at 
the periphery of the combining site. A sulfate ion was 
located in close proximity to the combining site. The 
sulfate is hydrogen bonded to Thr28, Asn31 and Tyr32 of 
CDR HI of the Fab fragment, but there are no direct 
interactions with VEGF (an indirect interaction with the 
sidechain of Gln79 of VEGF is mediated by a water mol- 
ecule). We believe that the presence of the sulfate is a 
crystallization artifact. 

Alanin scanning of th interface 

In order to assess the relative importance of the contact 
residues at the interface, a number of mutants, each with a 



single residue changed to alanine, were generated for both 
VEGF and the Fab fragment. For the anti-VEGF Fab, the 
contributions of all 68 sidechains within the six CDRs were 
assessed by individual mutation of pY0192 Fab-phage 
(Figure 6) residues to alanine (or to serine for wild-type ala- 
nines). Relative binding affinities to VEGF were measured 
in competitive monovalent phage enzyme-linked immuno- 
absorbant assays (ELISAs) (see Materials and methods 
section). The IC^ (the concentration of competitor at 
which 50% inhibition of binding is observed) of the wild- 
type Fab phage for VEGF was measured at 4.7 ± 1.1 nM, 
comparing favorably to the measured K d of 3.4 ± 0.9 nM for 
the purified wild-type Fab using BIAcore. The use of 
phage-ELISA techniques for measurement of binding 
affinities greatly facilitated the scanning of CDR residues. 
In order to assess the accuracy of this method, five alanine 
variants representing a wide range of apparent binding 
affinities by phage-ELISA were tested in a BIAcore assay 
in addition to the wild type. Within the uncertainties of 
each technique (±25%) excellent agreements are observed 
between both methods (Table 2), showing that the phage- 
ELISA technique can provide accurate measurements of 
relative binding affinities. 

The alanine-scan phage variants displayed a range of affini- 
ties, from that of wild type to > 700 nM; all variants showed 
some VEGF-specific binding (Table 2). In particular, large 
decreases in affinity (> 150-fold, -AAG > 3 kcal/mol) 
resulted primarily from substitution of residues located 
within the heavy-chain CDRs: Asn31 and Tyr32 in HI; 
TrpSO and Asn52 in HZ; and Tyr95, SerlOOB, and TrplOOD 
in H3. Among the light-chain CDR residues, only substitu- 
tion of Trp96 produced so great an effect. Together, these 
positions define the primary functional sidechain-binding 
determinants. Less severe reductions in affinity (5-70-fold, 
-AAG « 1-2.5 kcal/mol) resulted from alanine substitutions 
at Tyr27, Phe29, Gly33, Met34, and Asn35 of HI, Thr52A 
and Tyr53 of H2, Pro96, Tyr99, TyrlOOE, and PhelOOF 
of H3, and at one light-chain position, Tyr91 of L3. 
Smaller, but significant, reductions in affinity (2-5-fold, 
-AAG =0.4—1 kcal/mol) were also observed at many posi- 
tions of the heavy-chain CDRs, including those at residues 
26, 51, 54, 58-59, 97-98, 100C and 101, as well as at posi- 
tions 32-34, 89-90, and 95 in the light-chain CDRs. The 
remaining CDR mutations, including those at the sites 
of expression-associated mutations Ser24Arg, Ser26Asn, 
GIn27Glu, Asp28Gln, and IIe29Leu in CDR LI (see Mate- 
rials and methods section), showed no significant effect 
upon VEGF binding affinity. Overall, the results suggest 
that a large energetic contribution to the Fab-VEGF inter- 
action stems from a subset of CDR residues in HI, H2, and 
H3, with some contribution from L3. 

The mutagenesis analysis of VEGF showed that 12 of the 
19 alanine mutants tested displayed at least a fivefold 
decrease in binding to mAb (murine antibody) A4.6.1 
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Figure 4 
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Structure . 



Comparison of accessible surface area buried in the VEGF-Fab interface and contributions of individual residues to the antibody binding as 
identified by alanine-scanning mutagenesis: (a) residues from VEGF, (b) residues from the anti-VEGF Fab. 



(Table 3). Six of these mutants showed dominant effects, 
and reduced binding by factors of 22-107 fold (Table 3). 
These six residues are localized primarily within the 
12-residue segment of VEGF that contains strands f$5 and 
p6 along with the intervening [J turn. Mutants of MctHl, 
Arg82, Ile83, Gly88, Gln89, and Gly92 showed 74-, 22-, 
35-. 40-, 102- and 107-fold (-AAG = 2-3 kcal/mol) decreases 
in affinity, respectively, relative to the wild type. Smaller, 
but significant, decreases in binding of about 5-8 fold 
(-AAG = -1 kcal/mol) were found for mutations at posi- 
tions 48, 79, 84, 93 and 94. The overall structural integrity 
of the alanine mutants with a fivefold or greater effect on 



mAb A4.o.l binding was confirmed using a similar 
KL1SA that measured binding affinity of the mutants to 
mAb 32.K.1, which has a separate, dimer-dependent, 
binding epitope 1 15 J. 

Discussion 

Antig n-antibody interface 

A total of 25 residues of the Fab fragment become buried 
in the antigen-antibody interface upon binding to VKCjK, 
together constituting the structural epitope. Kight of these 
residues are critical for binding, as defined by greater than 
150-fold decreases in binding upon alanine substitution 
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Figure 5 



Stereoviews of the interface between VEGF 
and the anti-VEGF Fab. For clarity, the only 
VEGF residues shown are those in segment 
p5-p6. (a) Surface of the antibody combining 
site and stick representation of segment 
(J5-p6 of VEGF. The molecular surface of the 
light chain and heavy chain are shown in grey 
and blue, respectively. Residues of anti-VEGF 
criticaJ for binding are shown in magenta. The 
termini and VEGF residues criticaJ for binding 
are labeled, (b) Atomic detail of the antibody 
combining site using the same color coding 
as in (a). For simplicity, the mainchain of the 
anti-VEGF Fab is shown as a continuous 
ribbon. Illustrations drawn with the program 
GRASP (55]. 




(Table 2), and form the functional epitope of the Fab frag- 
ment. Together* these eight residues contribute 360 A 2 
(44%) to the surface area buried in the interface. Five 
residues are aromatic, the remaining three being two 
asparagines and a serine. The high proportion of aromatic 
residues, in particular tyrosine and tryptophan, is a feature 
of the entire structural epitope, for which 1 1 residues are 
aromatic out of total number of 25. This bias has been 
noted before and reflects a general property of antibody 
combining sites [23,32,36], 

On VEGF, the functional epitope is dominated by six 
residues; most important are Met81, Gln89 and Gly92, 
substitution of which reduces affinity by about 70-1 10 fold. 



Slightly smaller, but still large, contributions (22— 10-fold 
effects) are made by Arg82, lle83, and Gly88. In general, 
alanine-scanning mutagenesis provides a useful method of 
assessing the relative contributions of individual side- 
chains to the binding energy [37], Results at glycine posi- 
tions are less meaningful, however, because substitution 
to alanine introduces a stiffening of the protein backbone 
and requires additional space to accommodate the addi- 
tional CP atom, without providing information on the con- 
tribution of the wild-type residue to the free binding 
energy of the complex. In the case of the VEGF-Fab 
complex, the structure shows that steric hindrance is likely 
to be the cause of the decreased affinity of the glycine to 
alanine mutants at positions 88 and 92. 
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Figure 6 
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Y0192 DIQLTQSPSSLSASVGDRyTITC BftSS^STryL^ 
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Fab- 1 2 PREJUCVOWKVTOIAXQSGNSOESVTEQDSKDST^ 
MB1 . 6 PREAKVQWKVTJNAI^SGNSQESVTEQDSKDS^ 

Y01 01 PREAKVQWKVDNALQSGNSOESVTEQDSKDSTlf SLSSTLTLSKADYEKHKVYACBVTHQGLSSPVTKSFN 
Y01 9 2 PREAKVQWKVDNALQSGNSQE SVTE0DSKDSTYSL5STLTLS KADYEKH KVYACEVTHQGLSS PVTKSFN 
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Sequence comparison of anti-VEGF Fab 
variants. Variant Fab- 12 is a previously 
described humanized version of the murine 
antibody A4.6.1 [81. Variant MB1.6 was 
isolated from an earlier Fab-phagemid library 
[7] and used to produce a Fab phagemid, 
called pY01 01 ; similar to Fab-1 2. Variant 
Y0192, an expression-optimized derivative of 
Y0101 (see Materials and methods section 
for details), was used for the alanine-scanning 
mutagenesis described here. Residues are 
numbered sequentially (top) and according to 
Kabal ef af. [56] (bottom). CDR regions are 
underlined. Residues unique to the respective 
sequences are indicated by shaded boxes. 



Fab- 12 RGEC 

M31 . 6 RGEC 

Y0101 RGEC 

Y0192 RGEC 



Heavy ctialn 

1 10 20 30 40 SO 6C 

Fab-12 EVQ LVESGGGI »VQPGGS1#RLSC AASGYTPTNYGMNWVRQAPGKG LEWGWIOTYTGEPTYAADFKRRFT 
MB1 . 6 EVQLVESGGGLVQPGGSLRI^CAASGYTFTIf¥GMN^ 
Y3101 EVQLVESGGGLVQPGGSLR1>SCAASGYTKTNYG1INWRQ 

YC192 EVOLVE SGGG LVQ PGGSLPXSCAAS G YTFTWYGgNW VRQAPG KGLEWVGWINTYTGEPTYAAD FKRR FT 
I 10 20 30 40 50 a 60 

7C 8D 90 100 110 120 130 

Fab-12 FSLDTSKSTAYLQKNSLRAZITrAVYYCAKYPHYYGSSHWYFDVWGOGTLVTVSSASTKGPSVFPLAPSS 
KB1 . 6 BSiDTEaSTBYUjmJSLR^EDTAVYYCAKYPHYYGSSHWYFDV*^^ 

Y0101 FSLIJTSKSTAYI^MNSLRAEDTAVYYCAKYPHYYGSSHWFDVWGQGTLVTVSSASTKGPSWPLAPSS 

Y 0 1 9 2 FSLPTSKSTAYLQMNSLPJ^OTAVYYCAKYPKYYGSSHWYF PLAPSS 

70 80 abc 90 lOOabcdef 110 120 

140 150 160 170 180 190 200 

Fab - 1 2 KSTSGGTAAIXJCLVXDYFPEPVTVSWNSOALTSGW 

MB1 . 6 KSTSGGTAALCCLVKDYFPiPVTVSWNSOALTSGVHTFPAVl^SSGLYSL^ 
Y01C1 KSTSGGTAAIXJCIATKDYFPHPVTVSWNSGALTSGVHT^^ 

Y01 92 KSTSGGTAALGCLVKDYF PEPVTVSV^SGALTSGVHTFPAV1X?SSGLYSLSSVVTVPSSSLGTQTYICN 
130 140 150 160 170 180 190 

210 220 230 

Fab-12 VNHKPSNTKVDKTCVEPKSCDKTffl 
MB1 . 6 VNHKPSNTKVDKKVEPKSCDKTHL 
Y0101 VNHKPSWntVDKKVEPKSCDKTH?/ 

Y 0 1 9 2 VNHKPSNTKVDKKVEPKSCDKTO. 

200 210 220 



Structure 



The direct juxtaposition of important binding determi- 
nants from both functional epitopes is striking ( Tables 2 
and 3). The six dominant hinding determinants of VEGF 
arc in intimate contact with the Fab fragment (Figure 4a). 
The main structural feature is the binding of Gly88 of 
VEGF through the aromatic box formed by the sideehains 
of residues Trp% of CDR L3. Trp.SO of CDR HZ, and 
TyrVS and TrplOOD of CDR 113 (Figure 5). In this case, 
considering the functional importance of both the glycine 
and the surrounding Fab residues, the direct interactions 
between the glycine and the box appear to provide signifi- 
cant binding energy. In contrast, for the aromatic box sur- 
rounding Gly92 of VEGF, none of the sideehains of the 
Fab residues is crucial for binding. The structure shows that 
in this case substitution with alanine is likely to interfere 



with the formation of the numerous niainchain-mainchain 
hydrogen bonds observed across the interface at this posi- 
tion. Thus, the stent* requirements of this region are likely 
to be critical tor maximum affinity. Additional juxtaposi- 
tions of important binding determinants are Mer81 of 
VEGF and Tyr53 of 112, ArgK2 of VEGF and ScrlOOR of 
H3, and Ilc83 of VEGF and Asn52 of H2. Although no 
simple favorable interaction is observed for Ile83 of VEGF, 
its sidechain is in close contact to a critical -CDR 112 
residue, Asn52. Finally, the sidechain of VEGF GlnH9 is 
involved in a number of hydrogen bonds with mainchain 
atoms of CDRs III and 1 12! 

From the data presented here, the functional VEGF 
epitope for Fab binding appears to be rather small. Similar 
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Figure 7 



Stereo representation illustrating the 
conformational change in strand [J6 induced 
by the antibody upon binding to VEGF. The 
geometrically averaged Cot backbone 
calculated from the eight monomers present 
in the triclinic crystal form of free VEGF is 
shown in red. At each Ca position, the 
smallest ellipsoid that fits all Ca atoms of the 
eight monomers is displayed (calculated with 
program GEM [57]). The backbone 
conformation of strands p5-06 as observed in 
the VEGF-Fab complex is shown in green. 
Although for most of the residues involved in 
binding the observed backbone conformation 
represents one out of the ensemble of eight 
structures observed in free VEGF, significant 
deviations occur for His90 and Gly92, whose 
Ca positions differ by more than 7.9a and 
1 0.6a, respectively, from the positions in the 
ensemble. 





Structure 



small binding epitopes have been deduced from theoreti- 
cal considerations for the binding of lysozyme to two dif- 
ferent antibodies, D1.3 and HyHEL-5 (38). These cal- 
culations have been corroborated partially by competition 
studies with homologous avian lysozymcs |39]. The size of 
the functional epitope identified for the anti-VEGK Fab 
fragment is similar to that identified for the humanized 
anti-pl'85 MKK - antibody [18], using the same method. In 
this case, however, both the functional epitope of the 
antigen and the crystal structure of the complex are 
missing. In the case of anti-pl85 ,IKR -\ a set of only four 
important binding determinants were identified, namely 
His9l VI , Arg50 YH , Trp95 VH and TyrlOOA vll (18]. Here, 
too, aromatic residues prevail and the binding determi- 
nants cluster in a shallow pocket on the antibody surface. 

General similarities exist between the VEGF-Fab inter- 
face and other protein-protein interactions. The inter- 
action between human growth hormone and its recep- 
tor has been investigated using the same methods as 
described here, that is, structure determination of the 
complex [40,41] and exhaustive alanine-scanning muta- 
genesis of the binding partners [37,40,42]. In this case, of 
32 hormone residues in contact with the receptor, only 
five contribute most of the binding energy; these are in 
contact with the five most important residues of the 
receptor, resulting in a remarkable degree of functional 
complementarity between the two epitopes [19]. From 
these studies, it was proposed that only a small subset of 
the residues buried in a protein-protein interface may be 
the principal contributor to the binding energy; in the 
growth hormone example, these residues are clustered 



together in a small hydrophobic patch surrounded by 
polar interactions. A similar situation was observed in an 
analysis of the interaction between tissue factor and 
coagulation factor Vila [43,44], where, again, only a small 
subset of residues contribute most to ligand affinity. In 
this case, however, these residues form several discontin- 
uous clusters on the protein surface. 

In most complexes between protein antigens and antibod- 
ies, a number of well-ordered water molecules are found 
within the combining site [45]. It has been proposed that 
water molecules are required in order to overcome imper- 
fections in shape complementarity and that such imper- 
fections are characteristic of protein-antibody interactions, 
possibly because, in contrast to other pro rein- protein 
interactions, antigen recognition has not been optimized 
through evolution, but rather depends on rapid selection 
pressure [33). In the case of VEGF. no water molecules 
are buried in the antigen- Fab interface, and excellent 
complementarity is observed between segment p6 of 
VEGF and the combining site. Furthermore, the observa- 
tion that in the complex the temperature factors of VEGF 
segment p.S~p6 (Figure 2) arc very similar to those of the 
variable domains of the antibody and considerably lower 
than the rest of VEGF suggests tight packing of the inter- 
face. It is worth noting that in the complex of VEGF" with 
domain 1 of its Flt-1 receptor, a channel of water mol- 
ecules is found in the interface [16]: similar water clusters 
have also been observed in the growth hormone-receptor 
interface [40 1. Thus, water-mediated contacts are not spe- 
cific to interfaces between antibody and antigenic protein. 
With respect to these findings, a remarkable similarity 
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is observed between the antibody-antigen recognition 
reported here and protein-protein interactions in general. 

Conformational change upon binding 

In addition to the crystal structure of the YKGF-Fab 
complex, the structure of unbound VKCJF is also known 
|12,15|. The triclinic crystal structure contained eight 
independent copies of the molecule in the asymmetric 
unit, and superposition of the eight molecules made 
possible the identification of the conformational^ flexi- 
ble portions of the molecule. The highest deviations were 
observed within segment PS-P6, and it was shown that the 
eight conformations represent different 'snapshots' of a 
concerted *up and down' loop movement [12]. In the Fab 
complex, this same segment is intimately involved in anti- 
body binding. Superposition of this segment, as observed 
in the complex, onto the conformations seen in unbound 
VK(il ; shows that, overall, the bound conformation fits 
well within the range of conformational freedom observed 
in the unligated structure (Figure 7). Two of its Ca posi- 
tions do not, however, fall within the range of conforma- 
tional flexibility of the unbound state. The Ca of VKGF 
IlisW) is displaced b\ 1.3 A; this corresponds to a 7. 4 >0 
movement when considering the standard deviation of the 
distance deviations among the eight monomers in unli- 
gated VK(jF. Similarly, a 1.2 A (10.6a) displacement is 
observed for the Ca of YKCF (;iy*>2 (Figure 7). We con- 
clude that the anti-YKCF antibody selects one of the 
available multiple conformations of this loop upon 
binding, while inducing small but significant local changes 
at positions VO and 

The neutralizing effect of anti-VEGF antibody 

Binding of VKCJF by the anti-VKCJF antibody prevents 
the growth factor from binding to its receptors. The 
overall structure of residues 8-109 of unbound VKCJF is 
identical to that in the complex with the Fab fragment, 
demonstrating that the neutralizing effect is not the result 
of antibody-induced conformational changes in the ligand 
preventing receptor binding. Recently, we determined the 
crystal srrucmre of residues 8-11)9 of VKCJF in complex 
with domain 2 of Kit- 1 |16|. A comparison of both struc- 
tures clearly explains the neutralizing effect of the anti- 
body — of the 19 VKCJF residues contributing to the 
interface in the YKCJF-Fab complex, nine are also buried 
in the interface with domain 2 of Fit- 1. I c is worth noting 
that, of these, only a single residue, namely Ile83 T is an 
important binding determinant for both the antibody and 
the receptor (Figure 3). The neutralizing effect therefore 
appears to be due to steric hindrance, and not due to com- 
petition for the same critical binding determinants. 

Biological implications 

A comparison of the structure of the VKCJF-Fah 
complex with other antigen-antibody complex structures 
reveals that the binding mode of VliCJF resembles that 



of linear peptides more closely than that of protein anti- 
gens. Whereas peptides are predominantly bound within 
deep grooves, protein antigens tend to interact at the 
periphery of the CDRs via a relatively Hat surface [46]. 
Peptides hind predominantly in an almost extended con- 
formation, usually with a ($ turn next to the terminus 
[28], In VEGF, this motif corresponds to strand p6 
together with the preceding type II (J turn formed by 
residues LysK4-Gln87. A somewhat similar situation 
was observed in the recent crystal structure of the N -ter- 
minal domain of the interferon-y receptor a chain in 
complex with Fah-A6 [23]. Here, too, most of the inter- 
actions of the Fab fragment (80%) are w ith a single con- 
tinuous loop segment of the receptor, and additional 
segments make less extensive contributions, generating 
a discontinuous binding epitope. 

Jones and Thornton [33 1 have shown that interfaces in 
nonpermanent and nonohligatory complexes, such as 
antigen-antibody and hormone-receptor interfaces; 
have smaller interaction surfaces, lower packing densi- 
ties and involve more polar interactions than seen in 
permanent complexes that do not exist as independent 
entities, such as dimeric molecules. Our results on the 
V EC i F- a nli body and VliGF-reeeptor complexes are 
in agreement with this analysis. The principal differ- 
ence we observe is the significant extent of fragmenta- 
tion of the structural binding epitope in the latter, with 
fewer segments being involved for antigen-antibody 
interfaces [33]. This difference is even more pro- 
nounced when looking at the functional epitope, 
instead of the structural epitope. In VKCJF the impor- 
tant residues all cluster within the continuous segment 
P5-p6; similar localization of binding determinants is 
observed for a second neutralizing antibody whose 
functional epitope resides primarily on helix od [15J. In 
contrast, the binding determinants of VKCJF for kinase 
domain receptor (KI)R) are distributed over four dif- 
ferent segments [15]. 

Materials and methods 

Complex formation and crystallization 

Residues 8-109 of VEGF were expressed, refolded, and purified as pre- 
viously described [20]. Purified Fab-1 2 fragment was obtained from Pat 
McKay (Process Sciences. Genentech, Inc.), mixed with VEGFin a 2.1 :1 
molar ratio, and purified by size exclusion chromatography (S-200, Phar- 
macia) in 30 mM Tris-HO t pH 7.5, 0.4 M sodium chloride. The composi- 
tion of the resulting complex was verified by SDS PAGE and size 
exclusion chromatography (data not shown). The protein solution was 
concentrated to ^^ = 7.8, and used in crystallization trials. Initial 
hanging-drop experiments using the vapor-diffusion method resulted in 
isomorphous crystals from two different conditions {1 5% PEG, 10% iso- 
propanol, 0.2 M ammonium sulfate, 0.1 M MES, pH 6.0; and 2 M ammo- 
nium sulfate, 2% MPD, 0. 1 M bis-tris-propane, pH 6.5). Crystals used in 
the structure determination were grown from large sitting drops by equili- 
brating a mixture of 20 uJ protein solution and 20 pJ reservoir solution 
(15% PEG, 10% isopropanol, 0.2 M ammonium sulfate, 0.1 M MES, 
pH 6.0) against 30 ml reservoir solution. Monoclinic crystals grew to a 
size of 0.1 mm x 0.2 mm x 0.5 mm in 2-3 weeks. The crystals were 
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cryoprotected by dipping in 1 00 ul drops of reservoir solution containing 
increasing concentrations of glycerol (first 5%, then 10%, then 20%), 
after which they were flash frozen in liquid nitrogen. 

Data collection 

A data set to 2.4 A resolution was collected from two flash-frozen 
crystals at beamline A1 at the Cornell High Energy Synchrotron 
Source using a charge-coupled device detector (Area Detector 
Systems Corp., San Diego) and a wavelength of 0.914 A. The crys- 
tals belonged to space group P2, with cell parameters a = 89.86 A, 
b = 66.98 A, c = 1 40.51 A and |J = 94.27°. For each of the two crys- 
tals, a low* and a high-resolution pass were recorded and processed 
independently with the programs DENZO and SCALEPACK (47]. 
The final data set, obtained after merging 240,859 observations of 
the individual data sets, contained 63,147 unique reflections (average 
redundancy = 3.8) and was 96% complete in the resolution range 
20-2.4 A (R^d)* 7.1%). 

Structure determination and refinement 

The structure of the VEGF-Fab complex was solved by molecular 
replacement. Taking into consideration the inherent twofold symmetry 
of the VEGF dimer, we expected that one VEGF dimer would be bound 
to two Fab molecules. Because of the absence of a crystallographic 
twofold rotation axis, the molecular dyad had to be noncrystallographic; 
thus the asymmetric unit would contain one VEGF dimer and two Fab 
fragments, yielding a Matthews parameter of 3.6 A 3 /Da and a solvent 
content of 66%. 

Rotation functions were calculated using a VEGF dimer as a search 
model ([12]; Brookhaven Protein Data Bank [PDB] accession code 
2vpf). The crystal structure of a humanized anti-HER2 Fab fragment, 
anti-p185 HER2 ([27]; PDB accession code 1fvd). which had an 88% 
identical humanization framework [8,26], was used as a model for the 
Fab portion. In order to avoid bias, the CDRs were removed from the 
model and a tryptophan residue was substituted by alanine for addi- 
tional verification purposes. A rotation search and Patterson correlation 
refinement [48] using the program XPLOR [49] yielded four distinct 
peaks for the VEGF dimer with correlation coefficients of 5.3-4.9%, 
while the subsequent highest peaks were below 4.3%. These four 
peaks correspond to two different candidate rotation solutions, pairs 
being related by the VEGF molecular dyad. Translation searches did 
not allow us to identify the correct solution. 

With the Fab model, rotation searches calculated with data between 8 
and 4 A resolution, allowing the elbow angle [28] to vary between 110° 
and 210* in 10° steps yielded one (instead of two) unambiguous solu- 
tion with a correlation coefficient of 9.8%, with the next peak at 5.6%. 
The pre-oriented Fab fragment could be readily translated into the 
unit cell with the program AMORE [50], and translation of the VEGF 
dimer with the Fab fragment fixed yielded an unambiguous solution 
for the highest of the two distinct VEGF rotation-solution candidates 
(R = 48.3% and correlation coefficient = 30.8%). Inspection of this 
solution with the program O [51] showed that the Fab CDRs would be 
in contact with VEGF, verifying the correctness of this partial solution, 
but the absence of any crystal packing contacts in one direction 
demonstrated that this model was still incomplete. 

At this stage, refinement of the partial model was initiated. After rigid- 
body refinement followed by positional refinement with the program 
XPLOR [49] using all data between 10 and 3.0 A resolution 
(R = 43.8%) t clear electron density was observed for the omitted 
CDRs and tryptophan sidechain in a oy weighted (2F D -F c )exp(ia c ) 
electron-density map [21]. After several rounds of positional refine- 
ment and manual rebuilding with the program O [51], all the CDRs of 
the Fab fragment could be built with confidence. Clear electron 
density emerged for the variable part of the second Fab molecule, 
related to the first Fab fragment via the molecular dyad of the VEGF 
dimer. After inclusion of this variable fragment, further positional 
refinement between 10 and 3.0 A resolution yielded a crystallographic 



R value of 31.9% (free R vafue = 38.0%) and maps into which the 
missing constant domain of the second Fab molecule was positioned, 
although clear density was only visible for those parts in immediate 
contact with the variable part of the molecule. Noncrystallographic 
symmetry restraints were applied in all further refinement, while gradu- 
ally increasing the resolution to 2.4 A, refining restrained individual 
temperature factors, and adding water molecules. At a late stage the 
structure factors were corrected for observed anisotropy, yielding the 
final model with a crystallographic R value of 19.6% (free 
R value = 26.6%) between 8 and 2.4 A resolution. No bulk solvent 
correction was applied. 

The final model is unusual with respect to the high average temperature 
factor of 1 00 A 2 of the constant domain of the second Fab molecule. 
The use of noncrystallographic symmetry restraints forces this portion 
to be similar to the well-defined constant domain of the first Fab frag- 
ment. Therefore, although this domain contributes only weakly to the 
overall scattering and is thus poorly defined by the observed data, it 
could be accurately modeled because of the presence of the second 
identical and well-defined copy. 

Construction of humanized anti-VEGF Fab phage 
A monovalent, humanized Fab phagemid for alanine-scanning analysis 
was constructed by mutation of clone pMB16 (Figure 6), derived from 
phage humanization of the mAb A4.6.1 [7], to include additional substi- 
tutions identified in an optimally humanized variant of Fab-1 2 [8]. Muta- 
tions were made by site-directed mutagenesis [52], and verified by 
Sequenase (US Biochemical) sequencing. The new variant, pY0101 
(Figure 6), contained the Fab- 12 sequence, except for mutations 
Met4Leu in V L and Thr231Leu in V H . The former was retained from 
pMBl6 in order to preclude possible methionine oxidation, and the 
latter was retained in order to retain the original junction (with amber 
codon for soluble Fab or Fab-g3p expression) sequence to the C-termi- 
nal domain of M13 g3p [7J. The Fab phagemid pY0101 was used for 
initial expression and affinity enhancement experiments in which the V Lt 
CDR residues 24 and 26-29 were randomized. Five codons in V L1 of 
pY0101 were first converted to stop (TAA) codons using the oligonu- 
cleotide 5'-GG GTC ACC ATC ACC TGC TAA GCA TAA TAA TAA 
TAA AGC AAC TAT TTA AAC TGG-3'. After verifying the stop-codon 
template by sequencing, a library was constructed by mutagenesis with 
a degenerate oligonucleotide (NNS replacing TAA codons). Fab- phage 
variants were propagated overnight in XL 1 -Blue Escherichia coli cells 
(Stratagene), then precipitated and sorted as described in [53]. VEGF 
binding selections yielded no affinity improvements compared with 
pY0101; however, one variant, pY0192 (Figure 6), was identified with 
a marked improvement in expression over pY0101. This clone, contain- 
ing light chain mutations Ser24Arg, Ser26Asn, G!n27Glu, Asp28Gln, 
and lle29Leu, as well as one heavy chain mutation Met34lle, was used 
as the background for subsequent alanine-scanning mutagenesis. 
Each alanine substitution (or serine substitution for wild-type alanine) 
was constructed by site-directed mutagenesis and verified by DNA 
sequencing as described above. 

VEGF binding assays using Fab-phage EL ISA 
Phage ELISA assays were performed and used to derive IC^ values as 
described [53]. Immunosorbant plates (Maxisorp plates, Nunc Intermed) 
were coated overnight at 4°C with 2 ug/ml VEGF in 50 mM carbonate 
buffer and blocked with 5% instant milk. For normalization of phage 
concentrations, serial dilutions of Fab phage were made in parallel in 
ELISA buffer (0.5% bovine serum albumin, 0,05% Tween-20 in phos- 
phate-buffered saline (PBS) and incubated for 1 h at room temperature 
with immobilized VEGF. Rates were washed, incubated for 1 hour with 
rabbit anti-phage serum and horse radish peroxidase-cortjugated goat 
anti- rabbit antibody (Pierce), washed again and developed with 
o-phenylenediamine substrate (Sigma). Normalized, subsaturating con- 
centrations of phage for all Fab variants, as well as wild-type (pY01 92), 
were mixed with serial dilutions (200 nM-0 nM) of VEGF in triplicate. 
The mixture was then added to VEGF-coated plates and analyzed as 
described above to determine an IC M for each variant. 



18069302 



1 1 66 Structure 1 998, Vol 6 No 9 



BIAcore analysis of Fab binding affinities 
Y0192 Fab and several Fab variants were prepared by expression from 
the Fab-phagemid constructs by transforming the phagemids into a non- 
suppressor strain of E. coli [7]. Following induction of the PhoA pro- 
moter, cells were harvested and osmotically shocked, and the Fabs 
purified by protein G (Pharmacia) affinity chromatography [7]. Protein 
concentrations were determined using absorbance at 280 nm. Fab 
binding affinities were measured on a BIAcore- 2000 (TM) system 
(BIAcore, Inc.. Piscataway, NJ), essentially as previously described (7). 
Carboxymethylated dextran biosensor chips (CMS, BIAcore Inc.) were 
activated with EDC (N-ethy1-N'-(3-dimethylaminopropyl)-carbodiimide 
hydrochloride) and NHS (N*hydroxysuccinimide) according to the suppli- 
er's instructions. VEGF in 20 mM sodium acetate, pH 4.8, was injected 
onto the biosensor chip at a concentration of 50 pg/ml to yield approxi- 
mately 700-1400 resonance-response units (RU) of covalentry coupled 
protein. Unreacted groups were blocked with an injection of 1 M 
ethanolamine. Kinetics measurements were carried out by injecting 
twofold serial dilutions of Fab in running buffer (PBS containing 0.05% 
Tween-20) at 25°C using a flow rate of 20 ul/min. Association rates (k<J 
and dissociation rates (k^) were calculated using a simple one-to-one 
Langmuir binding model (BIAcore Evaluation Software v. 2.0; [54]). The 
equilibrium dissociation constant was calculated as the ratio koj/k^. 

Alanine scan of the VEGF-interface residues 
Fifty alanine mutants of VEGF had been previously generated and used 
to elaborate the KDR binding epitope on the hormone [1 5]. Nineteen of 
these mutant proteins (Table 3) were used to probe all the sidechain 
contacts with mAb A4.6.1 as observed in the crystal structure of the 
complex. For this study, each of these mutants was purified further by 
anion exchange (Pharmacia HiTrap Q, 1 ml), to remove traces of mis- 
folded monomer, which is known to interact with mAb A4.6.1. Binding 
affinities were measured with an ELISA that quantitated the binding of 
mAb A4.6.1 to immobilized VEGF in the presence of a dilution series of 
competing mutant [15]. 

Accession numbers 

The coordinates and structure factors have been deposited with the 
Brookhaven Protein Data Bank for immediate release, with accession 
codes 1bj1 and 1bj1sf. 
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